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THE IMPERFECTIONS OF SCIENCE 


WARREN WEAVER 


Vice-President, 


Dinner 


As my title indicates, | am going to be speaking 
of imperfections ; but T must warn you thai | will 
also be speaking of something which I love. My 
text is, therefore, almost inevitable : 

My, mistress’ eyes are nothing like the sun; 
Coral is far more red than her lips’ red: 
If snow be white, why then her breasts are 
If hairs be wires, black wires grow on her head. 
| have seen damask’d, red and 
But no such her cheeks; 
\nd in some perfumes is there more delight 
Than in the breath that from my mistress reeks. 
I love to hear her speak, vet well I know 
That music hath a far more pleasant sound. 
| grant | never a goddess go, 
My mistress, when she walks, treads on the ground. 
And yet, by heaven, | think my love as rare 
\s any she beled with 


Yes, if I were going to over-load this. talk 
with a sub-title, it would have to be “The Dark 
Lady of the Laboratories.” 


dun; 


roses 


white. 
roses see | in 


saiW 


false compare. 


| propose to consider two questions. First. why 
does science command the respect, prestige, and 
adnuration which it obviously possesses 7 Second, 
does science really deserve the reputation which 
is often, if not usually, given to it by scientists 
and public alike: and is it not possible to take 
a more resttained, more candid, and, | believe, 
attitude which 
honestly concedes certain limitations, while. still 
permitting one to declaim “And yet. by heaven, 
I think my love as rare " 

It may 


more accurate toward science 


seem. surprising, and even trivial, to 
We 


are, in the modern world, completely surrounded 


ask why science has so great a reputation. 


by science and by the technological achievements 
which science makes possible. By this powerful 
partnership we are warmed and cooled, clothed 
and fed, protected, cured, transported, and enter 
tained. Science has made possible color television 
and jets, dial telephones across the continent and 
short-wave radio across the oceans, polio serum, 
hi-fi and stereo, heart-lung and kidney-function 
machines which substitute temporarily for our 
own internal parts, 
puters play and 


damaged 
that 


electronic com- 


chess compose music, 
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satellites about the earth and rockets to the moon, 


automatization and miucrominiaturization, ma- 
chines that think and which learn from experience 
(which is more than some people do), nuclear 
energy, and G. L.. 76 in toothpaste. If we have 
not vet conquered cancer, cardiac disorders, and 
the degenerative diseases of later life: if we are 
uncertain about the genetic effects of long con- 
uinued low doses of radiation; if we miss recover- 
a little 
puzzled about psychology and psychiatry and are 


not yet sure whether the mind is in the head; if 


ing a nose-cone now and then; if we are 


we still have cavities in our teeth, aches in our 
joints, and clocks that won't run in our auto- 
mobiles—well, surely these are minor gaps which 
will soon be filled in by science. 

Indeed, there is a good deal of evidence that 
if science once chooses to drive a path out into 
the ignorance, then, matter 
where that path is headed, there seems to be no 
inherent the can 
penetrate, no limit to the amount of experience 
that can be 
by the 


wilderness of no 


limitation to distance science 


expletned and brought under control 


methods of science. These continuing 


the 
and 


successes have been convincing enough in 


field of the physical sciences—in astronomy 


chenustry and physics, for example. In our 


modern physical laboratories we transmute the 


elements, and change mass to energy and vice 
with 


ludicrously called elementary particles 


versa. entities 
the 
evanescent of which exist for less than one 
hundred-thousandth of a billionth of a second. 
The high polymer chermist has become a skilled 
atomic architect, using atoms 


We experiment fantastic 
most 


ore- 


to build) molecules 
of which nature never thought, synthesizing a 
whole array of new materials of great beauty and 
utility, each built to blueprint specifications con- 
cerning the desired 


and 


strength, density, color, 


thermal electric properties, resistance to 


wear, or stain, or corrosion, etc. We create an 
electrical disturbance in the recently discovered 
radiation belt thousands of miles above the surface 
of our earth; and, sure enough, auroral lights 
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appear at another and far distant location on our 
planet, just at the time theoretically predicted. 
Yes, the triumphs of the physical scientists 
are impressive enough to explain why science 
has a great reputation. But the triumphs of 
those parts of science which are concerned with 
living nature are, in many ways, to be interpreted 
even more seriously. For it seems, on the whole, 
reasonable and proper for man to analyze his 
physical environment. gut the 
life—perhaps they intended — to 


mysteries of 
are remain 
mysteries. 

Therefore the reputation of science becomes 
even greater, even more formidable, perhaps even 
more disturbing, when one success after another 
seems to indicate that many central and precious 
vital phenomena will one day be explainable in 
terms of chemistry and physics, that the very 
stuff of life will one day be weighed and measured 
and put on the shelf in neatly labeled bottles. 

The age-long history of man’s learning about 
plants and about the lower animals contributed 
to the good reputation of science without creating 
any large counter-feeling of apprehension. But 
when the first the 
human body, and the early physiologists began 


brave anatomists invaded 
to analyze man’s own parts in mechanical terms, 
then the philosophers and humanists and_ theo- 
logians were convinced that they could hear the 
distant 
monster. 
The movement, 
tennial we have so recently celebrated here, has 
seemed to many to constitute the major indication 
that man, if he is indeed nothing but an improved 


footsteps of an all-conquering — science 


great Darwinian whose cen- 


beast. can by one more easy step be nothing more 
than a mere machine—and thus surely an object 
which science can wholly analyze, wholly capture 
within its special framework. 

When that the 
mothering behavior of an animal—the concern 
to feed the young 
offspring—is destroved by leaving a metallic trace 


experiments show normal 


and clean and protect very 


element out of the diet; when the modern bio- 
chemist the mitochondria 
within a cell and analyze the enzyme = systems 


can explore inside 


there; when the microbiologist can take a virus 


apart into chemically identifiable and wholly 


“dead” pieces and then can reconstitute these 
pieces into an organism which can reproduce it- 
self—then indeed science begins to earn a reputa- 
tion which is in many senses great, but which is 


also in some senses frightening, 
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Modern advances in genetics, and especially in 
the fundamental biochemical aspects of genetic 
phenomena, may well be the greatest and most 
spectacular, as well as the most formidable, tri- 
umph of science in its attack on the living world. 
It is convincing enough—and fearsome enough 
when the physicist learns to control the energy 
in the nuclei of atoms. But what will we think 
of science, and how will we order our lives, when 
the biologist has learned how to control the gene ? 
This wil clearly present the greatest intellectual 
and moral challenge that man has ever faced. 
blocked, it 


So science has never really been 


seems, no matter in what direction it seeks to 
move. 
So science has, it seems, been so successful 


that it has inevitably earned a great and strange 
reputation, If it 
presumably it is all-powerful. 
all, the 

encounters 


has never vet been defeated, 
And since science 
-for 


science—then 


is, after work of  scientists— one 


seldom disembodied 
presumably these scientists are both so clever and 
so wise that they can do anything. Perhaps we 
should turn the world over to this superbreed. 
Perhaps they could, if properly supported, really 
liberated, and put in charge—perhaps they could 
solve all problems of human relations, of economic 
stability, of international peace, and of the good 
life. Perhaps they should design not only the 
churches, but the creeds also. Perhaps the best 
and the poetry will, in a_ short 
time, come out of a machine. 


music loveliest 


The sad fact is that some scientists themselves 


appear to believe precisely — this. And this 
arrogant attitude quite naturally irritates, or even 
angers, the social scientists, the humanists, the 
moralists, and the creative artists. The classic 
protest is surely that of Keats. 

Do not all charms fly 

At the mere touch of cold philosophy ? 

There was an awful rainbow once in Heaven: 


We know her woof, her textures; she is given 


In the dull catalogue of common things. 
Philosophy will clip an Angel's wings. 


In more contemporary terms, and at the same 


time that the electronics engineer is programing 


his computer to write verse, the modern poet 
e. e€. cummings writes 
I'd rather learn from one bird how to sing, than 


teach ten thousand stars how not to dance. 


or, in still more up-to-date idiom, 
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While you and | have lips and voices which are 
for kissing and to sing with, 

Who cares if some one-eyed son-of-a-bitch invents 
an instrument to measure Spring with 


Qur first question is thus answered. Science 
has its remarkable reputation primarily because 
of its record of success in dealing with inanimate 
nature—with the physical universe—and_ second- 
arily because of the promising advances it has 
already made in understanding and controlling 
vital phenomena. These have brought to science 
a great prestige and respect. Often this prestige 
and respect rest upon quite the wrong evidence 

on relatively trivial matters, or on advances which 
are essentially technological rather than basically 
And these successes have, 


from 


scientific in character, 


while earning admiration some, aroused 


resentment and fear and opposition in- others. 
Worst of all, these successes have tended to sepa- 
rate scientists out as a special breed, and have 
widened, rather than narrowed, the gap between 
scientific thought and general learning 

does 


To advance to second 


deserve 


our question, 
favorable or the un 


reputation? Can 


either the 
parts of its 


science 
favorable science 
not be given a more true, more realistic, and more 
constructive interpretation 7 

| think that the favorable part of the present 
reputation of science is often) significantly mis- 
understood; and T think that the unfavorable part 
is largely if not wholly false 
why, [ shall at the 


personal answer to the other aspect of our second 


\nd in explaining 


same time be giving my 


question; namely, is there not a more balanced 
E puts both its 
Its limitations into a more clear and more correct 


view of science which power and 


focus 7 


To deal with these 
pretty 


scientific man 


questions we must. start 
When 
confronts any object, any natural 


He does 


not elect to disregard, he dislikes being mvstitied, 


with basic considerations. man 


phenomenon, what does he wish to do? 


he is not willing to fear. On the contrary, he has 


The 


understanding 


a deep craving to understand difference 
state of not and of 


understanding 1s a complex and subtle matter 


between the 


which has several aspects, of differing importance 


to different persons. It seems best to. start by 


describing what aspects of understanding are of 
We do not 


which the 


major importance to a_ scientist 


have time to consider the way in 


scientific view on this point has changed, as science 


has developed: nor do we have time to describe 
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the differing views that are held by scientists 
even today. [| shall state only a view which ts 
held by a good many experts, particularly among 
the quantum theorists, this being incidentally the 
view which, with certain modification, | myself 
find congenial. 

For a scientist, a phenomenon is understood 
provided he possesses a satisfactory theory for 
But this statement is not very 


what a 


this phenomenon. 
illuminating until one goes on to. say 


satisfactory scientific theory is, how it operates, 


and in what senses it is useful or interesting or 
both. 

The theory, in refined cases and in the physical 
sciences, is likely to consist of a body of mathe 
matical equations. These equations state the 
interdependence of a few or several quantities, 
represented simply by letters in the equations. 
If you point to one of the letters and ask, “What 
is this: what physical thing does this represent?” 
then the from. the here 


have 


least 
that 
irrelevant and improper question 


answer, at group 


heing described, is you asked an 
this body of equations is 
You are told: “Per- 


either in a 


witl 
a set of procedural rules 
form 


For associated 


observations, 
thus 
and 


and such 


experiment set up 


such 
laboratory and so, or 
such a 


those ob- 


directly upon such 
Take the result 
servations, and put them into these equations, 


nature in Way. 


numbers which from 


numbers for certain 
Then solve the equations, thus obtaining 
values for certain other letters. Now 
go back to your experiment (or another similar 
nature and make certain 
This will provide you with 


substituting the 
letters. 
numerical 


specified 


one), or back to 


go 
further observations 
and if you have a sound 
will (with 


certain probabilistic error which need not confuse 


a new set of numbers: 


theory, these new numbers coincide 
us at the moment) with the numbers which were 
previously solved out of the equations.” 
Now | am fully aware of your disappointment 
over this statement. It sounds very formal and 
The 
and often it is in fact exceedingly 
And this procedure 


possibly bring about widerstanding ? 


and: it - 4s. sounds 


complicated 


abstract procedure 


complicated. how can 
Let us, therefore, drop this line of attack for 
a moment, and consider a more friendly, more 
understandable sort of understanding. A person 
I don't 
He is told, 


cell of 


I don’t understand genetics at all. 


Says, 
understand genes and chromosomes.” 


“Well, a chromosome (in every your 
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body, incidentally) is sort of like a string of 


beads, each bead being a gene. And each gene 
determines, or helps to determine, one of your 
characteristics, such as your blue eves, or your 


attached earlobes, or, for that matter, your sex.” 
And the person thinks, “Well, this is something 
like it; | am beginning to understand.” 

Or this same eager 
understand radio waves.” 


person says, “I don't 
And he is told, “Well, 
throw a small stone into a still pond of water. 
See circular 
weaker as they go? 


those ripples expand, getting 
See the wave length, which 
is merely the distance from the crest of one ripple 
to the crest of the adjacent ripple? See how these 
waves would keep expanding out, if you kept 
throwing little stones in at the same spot? Well, 


radio waves are like that, although of course they 


are three-dimensional spherical ripples.” And 
again the person thinks, “I am beginning to 


understand.” 

With these extreme examples before us—of a 
very abstract and formal theory on the one hand, 
and of a friendly, loose, incomplete, but neverthe- 
less useful analogy on the other hand, we can 
now contrast two extreme 
standing. 


concepts of under- 

One of these, the friendly, man-in-the-street 
variety, attempts to explain by describing an 
unfamiliar phenomenon in terms of its similarity 
The fact that this 
analogy is comforting, 


to a familiar phenomenon. 
kind of explanation by 
that it satisfies the listener, is, if you stop to think 
about it, rather surprising. For logically and 
philosophically this procedure is a complete fraud. 
The unfamiliar is explained in terms of the 
familiar. But the familiar, if one examines the 
situation honestly and in detail, is itself simply 
not understood. It been familiar long 
enough so that curiosity concerning it has dis- 
disappeared: but that 1s all. 

Although referred to here as the ‘man-in-the- 
street” type of explanation, it should be pointed 
out that 
street. 


has 


scientists are often found in this same 
frequently this form 
of explanation, and it has to recommend it not 
only the fact that it is comforting, but also the 


fact that it is useful. For if 


Science very uses 


radio waves are 


“like” water waves or more generally like waves 


in other familiar media, then to the new and 
radio 


strange phenomena of can at once be 


the 
knowledge about more familiar waves. 


applied a lot of previously accumulated 


The other, formal, type of procedure is, again, 


> 


WARREN WEAVER 


PROC. AMER. PHIL. SOC, 


clearly not an explanation, in any normal sense 


of that word. In fact it baldly states that the 
scientist has no business to ask, “What isthe 
real nature of physical phenomena”; or to ask, 


“Are there really precise deterministic laws be- 
hind the statistical data which | @bserve™; or to 
ask, “How can light be both a wave motion and a 
beam of particles”; or to ask, “What sense does 
it make for a particle to have electric charge 
but zero mass?" 

These are, to the one who accepts the formal 
procedure, senseless assortments of words. For 
the formal procedure makes no pretense whatso- 
ever of “explaining.” The formal procedure, in 
fact, says “It is impossible to explain phenomena, 
and it is in fact senseless to try. All vou can 
do—and this is a triumph of great dimensions 
is to deal successsfully with phenomena.” 

The equations, or more generally the theory, 
are a sort of “black box.” You can feed one set 
of numbers into this black box, turn the crank, 
and out comes a second set of numbers. If this 
correlates with numbers 


which can be determined, following given rules, 


second — set properly 
from nature, then you have a successful theory. 
You must accept the result, be thankful, and 
ask no further questions. 

This idea of not explaining, but of dealing suc 
cessfully with phenomena deserves a few further 
words. What, to the scientist, constitutes a really 
satisfactory 

The 
generality, elegance, 


sort of success for a theory: 
largely in’ the words 

control, and prediction. lf 

-one black box 


answer lies 


one single theory —is capable of 
grinding out results that relate to a wide range 
and a apparent diversity of 
then the theory has the obvious practical ad- 
vantage of generality. It is a convenient intel- 
lectual tool that will handle a lot of different jobs. 
And this” generality has an important 
aesthetic aspect, for it reveals underlying unity in 
apparent diversity—a the 
creative artist recognizes as very closely related 
to the addition the 
theory is stated in compact form, then it possesses 
the illusive but lovely trait which the scientist 


calls 


large experience, 


also 


procedure — which 


concept of beauty. Tf in 


“elegance.” 

Suppose that the black box of our theory has 
certain dials on one of its faces, and that we set 
these dials, before inserting input data, to values 
which are characteristic of the particular experi- 
ment in question. Then the numbers ground out 
by our black box will depend not only on the 
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numbers we insert, but also on our dial settings. 
And then by changing these dial settings one can 
answer such a question as “How will the result 
change if | vary one or more of the circumstances 
of the experiment?” As more specific examples, 
“How will the electrical resistance of this alloy 
change if | put more tin in the alloy 

much further can the aircraft tly if | 
the fuel capacity by 500 gallons? ... How much 
faster will | lose weight if I reduce from 1.400 
calories a day to 1,200 calories 7" 


such as 


How 
increase 


Under useful 


circumstances theory 


has 
You 


in order to modify the 
Wa\ 


these, the 
brought the phenomenon 
just 


under control 


know what to do 


result in the desired 

Finally. the black box. if it is a really good 
one, must be able to grind out numbers which 
numbers 


will prove to correlate properly with 


which vou wall obtain in an experiment or ob- 


That is to say, the 
theory should be able to predict. 

We can 
what the 


servation not yet made 


now state im more compact 
least 
calls a good theory. 
black works 
for a wide range of problems, which has external 
dials 


in advance. 


summary 


modern scientist—or at one im 


portant school of scientists 


It is a small and neat box which 


which can be set. and which can be used 
In other words, it is a theory which 
is general and elegant, which puts us in control 
of the phenomena in question, and which can 


predict But that | 


single word explaining. 


have not said 
The 
of abstract theories have to agree that the scien 
tist understands a 


notice one 


about advocates 
when he can 
control and predict it, and that as a product of his 
creative imagination he appreciates and admires 
the theory the 
elegant it is 


phenomenon 


more, the general and 
Within the formal view here being 


described, nothing more by 


more 


vy way of explanation 
can in the nature of things be demanded— or 
expected 

It is essential to my general argument to point 
out at once that many scientists enthusiastically 
One of the most 
competent and moving objections would be made 
by the Michael) Polyani. 
earlier a physical chemist and now a social scien 


disagree with this position. 


distinguished = scholar 


tist and philosopher. Polyani, to whose general 


views we will return later, considers that the 


abstract and formal procedures in science are, 


in fact, useless and senseless unless, quite in 


addition and as a subjective and very personal 


experience, the totality of the formal manipula 
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tion “makes sense.” Polyani points out that he 


himself has traced every successive step involved 
in the theorems, but that 


proot ot certain 


nevertheless 


They have conveyed nothing to me, for I have not 
been able to grasp their sequence as a whole... . To 
look at a mathematical proof by merely verifying 
each consecutive step—says Poincaré—is like watch- 
ing a game of chess, noting only that each step obeys 
the rules of chess. The least that is required is a 
grasp of the as a purposetul pro- 
cedure: what Poinearé describes as the “something 
which constitutes the unity of the demonstration.” 


logical sequence 


Having characterized a successful scientific 


theory, we can now use some of the terms of 
that deseription to restate the reasons why science 
has so great a standing. 

Indeed, the general and popular reputation of 
science rests largely on its success at control, and 
to a lesser degree upon its ability to predict. Un- 
fortunately, only scientists themselves, and a few 
others who effort, achieve the 
knowledge that makes generality important, and 
elegance lovely. 


When we 


phenomena, 


make a_ real 


attention to moderate-scale 


involving, — say, 


restrict 
objects above 


electron-microscopic size, and if we stay away 
from such phenomena as the toss of a single coin 
or the decisions of a single mind, then science can 
often offer 


useful, 


“explanation by analogy,” 
and curiously comforting. 
But this kind of explanation is, fundamentally, a 
complete ilusion: and at the other extreme the 
strict and formal [ 
theory 


this being 
interesting, 


scientific 
that 
stitutes, in any ordinary sense, explanation 


abstract tvpe of a 


contains nothing whatsoever con- 

This is a rather shocking thing to say—that 
science does not furnish any really ultimate or 
\nd this imperfection 
leads at once to the question: does science have 


other important imperfections 7 


satisiving explanation. 


Without claiming completeness, | want to speak 
You will 
not be surprised, | think, to have me say that 
these are not, actually, so much imperfections in 
science as imperfection in the views that are held 


here of a total of five imperfections. 


by some concerning science. To those who ex- 


pect science to be perfect, who expect it to be 
irresistibly all-powerful, who think of it as being 


infinitely precise and logically impeccable, who 


see science =marching — relentlessly — forward 


“explaining” one thing after another in cold and 


mechanical terms, who even feel that science 
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squeezes the beauty and mystery out of all that 
it touches—to all such persons it is necessary to 
say: my friends, you are mistaken. Science is 
amazingly successful at the surface, so to speak. 
But at its logical and philosophical and _ artistic 
core, it has, at least in my view, a number of 
limitations which can be viewed as imperfections. 
These are the blemishes that make science a 
human and endurable enterprise. These are the 
faults—if you will call them that—or the limita- 
tions—if you will permit a fairer term—that 
should allow science and art and philosophy and 
theology to mutually 
mutually reinforcing partners. 


become and 


respecting 
For example, the fact that science is superbly 
successful at dealing with phenomena, but that it 
possesses the inherent defect (which I assume it 
shares with many other fields of thought) that 
it cannot furnish ultimate explanation, is, in my 
own view, really not a defect at all, but rather 
an example of the honesty and clarity that comes 
with maturity. And again, this defect has the 
virtue that it joins science to the rest of life. 
rather than separating it off in cold perfection. 
Second, it is an obvious imperfection that scien- 
tists themselves do not, and apparently cannot, 
agree about certain of the deepest and most cen- 
indicated earlier that 
many scientists are quite unwilling to accept the 
abstract 
here. 


tral aspects of science. | 


type of “black-box” theory discussed 
Kinstein always disliked the formal pro- 
of quantum theory, and persisted in 
thinking (if I interpret correctly) that under- 
neath the apparently indeterministic f 
individual atomic events 
of deterministic reality 


cedures 


vagary oft 
substratum 
(whatever that means ) 
which science will eventually be able to reveal and 
understand (whatever that means). 

Sut the intelligibility of the terms of the dis- 
agreement is irrelevant. For the point is that 
the greatest the 
advanced field of physics, such as Einstein and 
Sohr and Planck and Dirac agree to 
whether and how science explains anything. 


Was some 


scientists—even ones in most 


cannot as 

This imperfection of science I find a most at- 
tractive one; for it retlects the fact that 
is not monstrous and monolithic, but is a very 


science 


human enterprise, exhibiting the same lively and 
useful diversity “hich one finds in philosophy, art, 
music, ete 

Thirdly, you are all aware of the nineteenth- 
century that the t 
purely and 


fear science was in process of 


imposing mechanistic deterministic 
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interpretations upon all phenomena, including ulti- 
mately the individual decisions of an individual per- 
son. And you are all aware—for this has been 
widely publicized—that itself 
abandoned this view. Science recognizes that the 
individual events, down at the level of electrons, 
protons, photons, mesons, etc., are all probabilistic 
in character, and individually simply not predicta- 
ble. Since all large-scale events—the falling of a 
stone, say—are ultimately composed of individual 
events, the events are themselves, 
strictly speaking, probabilistic also. But the large- 
scale are nevertheless dependable. 
The stone does, after all, fall. And this is simply 
because this large-scale event is the net result of 
so incredibly vast a number of small-scale events 


science has now 


large-scale 


phenomena 


that the eccentricities always average out. 
nature is, 
with 


l_arge- 
scale so to speak, a life insurance 


company billion, billion, billion, 


billion 


so many 
clients that she knows very precisely 
what fraction will die each week, even though she 
is completely unable to say whether or not one 
given individual will die. 

So it is an imperfection of science. if you 
choose so to name it, that it is essentially 
tistical in nature. 


sta 
This means, for example, that 
perfect accuracy is unattainable in any measure- 
ment, that certainty is impossible in any. pre- 
diction. 

But does this make one admire science the less ? 
Can you conceive of wanting to marry a woman 
who is completely perfect and totally predictable ? 
Does this element of ultimate unpredictability, 
moreover, not remove an otherwise insuperable 
barrier between science and the rest of life? 

My fourth related to the fact. that 
there are those who say, “I will admit that science 
is no doubt more strictly logical than any other 
field of intellectual activity, but logic is a cold and 
relentless master, and I am not so sure that | 
want my life dominated by it.” 


defect 1s 


Logic is indeed an integral and central part of 
Sut although a useful 
mental tool, does not now have the reputation 


science. logic, vastly 


which it was once supposed to deserve. I have 
had previous occasion to write about this point, 
so [I will repeat here very briefly the essential 
conclusion of what is necessarily a somewhat 
technical argument. 

There are two main types of logic: deductive 
and In the former, one starts by 
making a certain number of pure assumptions 
technically speaking, he adopts the postulates of 


inductive. 





VOL. 104, NO. 5, 1960 


THE 


under examination. Then with the 


addition of a 


the system 
certain accepted vocabulary of 
signs, certain assumed formation rules for com- 
bining the signs, and certain assumed transforma 
tion rules for deriving new formulas from old 
ones—with this assumed machinery one then pro- 
ceeds to—to do what ? 

Of course, all he can possibly do is to unroll, 
in all its lovely and unsuspected complexity, the 
truths—or more properly, the formally 
relationships—which 
originally assumed 


correct 
what he 
This procedure is, of course, 
quite powerless to create truths 


were inherent in 
it can only re 
veal what has been previously and unconsciously 
assumed, 

But apart from this inherent limitation on de- 
ductive logic, which has of course been long 
recognized, there have rather recently been dis- 
Godel, and 
startling imperfections in any system of deductive 
Godel results, 
each of which is of the most massive importance 
He proved that it is 


impossible, not 


covered, — by wholly unsuspected 


logic. has obtained two main 


mnpossible—theoretically 
difficult—to 
set of postulates 


just) unreasonably 
prove the consistency of any 


which is, so to speak, rich enough in content to 


be interesting. The question, “Is there an inner 


flaw in this system?" is a question which is 
simply unanswerable 

He also proved that any such deductive logical 
system inevitably has a further great limitation. 
Within 


the system it is always possible to ask questions 
which are undecidable. 


Such a system is essentially incomplete. 


If deductive logic has these vital and built-in 
limitations, how about inductive logic, the branch 
examines all the 


recorded in. the 


of reasoning which observed 


and seeks to 
this being the 


way in which the mind of man attempts to reach 


cases evidence, 


induce therefrom general laws, 


universals by the study of particulars. 
from my previous paper 


To quote 
on this subject: 


Over 200 years ago David Hume bluntly denied 
the propriety of inductive logic. Ever since, certain 
skeptics have urged the necessity of practicing 
induction without pretending that it has any rational 
foundation; certain deductionists have vainly tried 
to prove Hume wrong; certain philosophers have 
optimistically hoped that a mild and friendly attitude 
towards such words as “rational” and “reasonable” 
could of itself sanction their application to state- 
ments referring to future and hence unexamined 
cases; and certain scientists have felt that it 1s 
vaguely sensible to suppose that future phenomena 
would conform to past regularities. 
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Deep and troublesome questions are involved here. 
Consider. just for a moment, the question: When and 
why does a single piece of past evidence give useful 
information about a future situation? If one takes 
a single piece of copper and determines that it con 
ducts electricity, then it seems sensible to suppose 
that other future pieces of copper will also conduct 
electricity. But if we pick out a man at random 
and determine that his name is John, this does not at 
all lend credence to the idea that all other men are 
named John. The first of these seems to lead to a 
“lawlike statement,” and the second to an “unlawlike” 
one; but no one, so far as I know, has ever been 
able to give workable form to this distinction. 

In fact, in spite of many attempts to make induction 
intellectually tolerable, the matter remains a mess. 
For recent researches, primarily by Dr. N. 


Goodman, have shown that, when 


strictly 
examined 
the ability of induction to deal with a future 
and since this is the only useful 
induction, we are faced by total collapse. 
Thus I must report to you that discouraging news 
has leaked out of the citadel of logic. The external 
walls appear as formidable as ever; but at the very 
center of the supposedly solid fortress of logical 
thinking, all is confusion. As practical tools, no 
me doubts the continuing value of the armaments. 
But in terms of ultimate and inner strength, the 
revelations are astounding indeed. The ultimate 
basis of both types of logical thinking 1s infected, 
at the very core, with imperfection. 


case collapses ; 


aspect ot 


Thus, one ends up by recalling Dr. Charles F. 


Kettering’s characteristic warning “Beware of 


logic. It is an organized way of going wrong 
with confidence.” 

As the fifth imperfection in science I come to 
a topic which, because of its depth and subtlety, 
deserves a far more extensive and far more com- 
petent summary than I can give. This particular 
element of imperfection has to do with the sup- 
posed objectivity of science. 

It is widely recognized that any natural event 
has a number of possible explanations. — It 
demonstrated that if 


experience can be usefully 


has 


been a certain body of 


interpreted through 
one particular theory, then there is always, in 


fact. an infinite number of other theories each 


of which will equally well accommodate — the 


same body of experience. There may be very 
unportant aesthetic reasons for preferring certain 
of the theories. Often, there is a tendency to 
accept, of the alternative explanations, the one 
which seems in some general sense to be “the 


most credible.” and the “ultimate in criteria of 
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credibility” says a recent writer,’ “is scientific 
objectivity.” 

Careful thinkers have for long been skeptical 
about the supposed objectivity of so-called scien- 
tine facts. In the translator's preface to one of 
works of 


Poincaré, sruce 


Halsted said a half-century ago, 


the master George 


What is called “a knowledge of the facts” is usually 
merely a subjective realization that the old hypotheses 
are still sufficiently elastic to serve in some domain; 
that is, with a sufficiency of conscious or unconscious 
omissions and doctorings and fudgings more or less 
wilful. 


The idea that the so-called objective facts of 
science may not be so sacrosanct is thus not an 
this idea has 
within the last couple of years been given an 
analysis that is outstanding for the clarity and 
honesty of its thought, for the many years of 


exclusively recent suspicion. But 


meticulous and scholarly care that were involved 
in the writing, and for the high and deserved 
author. I| refer to Michael 
Polyani’s book Personal Knowledge. 


reputation of its 


This is a long and hard, but very rewarding 
book. | cannot possibly do more than make a 


few bold statements about Polyant’s position, 
hoping that some of you will find the ideas either 
interesting enough, or shocking enough, or both, 
so that vou will read the book. 

He totally rejects the ideal of scientific detach- 
ment. He does not believe that knowledge is, or 
can be, impersonal, universally established, com- 
pletely detached, objective. He regards knowing 
as an act of comprehension that involves change 
in the person carrying out the act of compre- 
hension. Thus comprehension is essentially an 
non-critical in the 


sense that there is no permanently fixed frame- 


irreversible process, and is 
work within which critical testing can occur. On 
the other hand, he does not consider knowledge 
wholly subjective. He that 
active and skillful comprehension can establish 
with ‘a hidden reality.” and it is this 
strange and almost mystic blend of passionate 
contribution in the personal act of knowing, to- 
gether with a thereby established contact with 


to be does believe 


contact 


objective realitv, which he designates as personal 
knowledye. “Even in the exact sciences ‘knowing’ 
is an art, of which the skill of the knower, guided 
by his passionate sense of increasing contact with 


reality, is a logically necessary part.” 


(Dr. Charles EF. Goshen, Sat. Revtew, February, 1960. 
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The grand sweep of his argument, the thorough- 
ness and depth of his inquiry, and the dramatic art 
with which he develops his theme are hinted at 
by the mere titles of the chapters—Objectivity, 
Probability, Order, Skills, Articulation, Intel- 
lectual Passions, Conviviality, The Logie of Af- 
firmation, the Critique of Doubt, Commitment, 
the Logic of Achievement, Knowing Life, The 
Rise of Man. You will not, | think, be surprised 
that this scientist and social philosopher, ending 
with a description of the efforts of responsible 
man. to ultimate liberation, con- 
cludes his book with the sentence, “And that is 


move towards 
also, | believe, how a Christian is placed when 
worshipping God.” 

We have spoken thus far of five imperfect as 
pects of 


summarize the view 


necessitated by these five points. 


science. [Let us 


Science has, as a tool for dealing with nature, 
proved to be superbly successful. With respect 
to physical nature, and at all moderate scales of 
space or j than an atom = and 
smaller than a galaxy, say more persistent than 
10°" seconds and less than a_ billion years 


With the 


with 


time—say larger 


science seems to have unlimited ability. 


extremely small or the extremely large, 
inconceivably brief or extended phenomena, science 
has a difficult time. It is by no means clear that 
our present concepts or even our existing language 
is suitable for these ranges. In the realm of 
animate matter, science has made wonderful, but 
more limited, progress. And we can, at the 
present, see no fixed barriers to further progress. 

We must agree that all this adds up to a very 
great intellectual*achievement—very possibly the 
greatest that man has, as vet, to his credit. 

But if one looks deeply within this) system, 
instead of encountering a harder and harder inner 
core, instead of meeting more and more depend- 
able precision, more and more rigidity, compulsion, 
and finality, instead of finally reaching permanence 
and pertection, what does one find ? 

He finds unresolved and apparently unresolvable 
disagreement among scientists concerning the re- 
lationshipg of scientific thought to reality—and 
concerning the nature and meaning of reality itself. 
He finds that the explanations of science have 
utility, but that they do in sober fact not explain. 
He finds the old inevi- 


external appearance of 


tability completely vanished, for he discovers a 


charming capriciousness in all the individual 


events. He finds that logic, so generally sup- 


posed to be infallible and unassailable, is in fact 
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shaky and incomplete. He finds that the whole 
concept of objective truth is a will-o-the-wisp. 
Lest vou think that these views are peculiar 
only to vour speaker, permit me to quote briefly 
from The Logic of Scientific Discovery Wy Karl 
IX. Popper, Professor of Scientific 
Method at the University of London, and a scholar 
of whom 


Logie and 
the authoritative Wanchester Guardian 
has said that he “has probably intr duced a greater 
number of important ideas into the philosophy of 
science than any other living philosopher.” 


Science is not a 
established 


system of well 


which 
ee 
of absolutely certain, 
idol. 
makes it in 
must remain 
corroborated, 
other state- 
Only in our sub 
conviction, im our 
be “absolutely certain.” 
The empirical basis of objective science has thus 
nothing “absolute” about it. Science does not rest 
upon rock-bottom. The bold structure of its theories 
rises, as it were, above a swamp. It is like a building 
The piles are driven down from 
above into the swamp, but not down to any natural or 
“oiven” and attempts to 
drive our piles into a deeper layer, it 1s not because 
we have firm ground We simply stop 
when we are satished that they are firm enough to 
structure, at least 


certain, of 
statements: nor is it a system 
steadily advances toward a state of finality. 

old scientific ideal of epistén 
demonstrable knowledge 
The demand for scientific objectivity 
evitable that every scientific statement 
tentative for ever. It may indeed be 
but every corroboration is relative to 
ments which, again, are tentative. 
jective experiences otf 
faith, can we 


has proved to be an 


subjective 


erected on. piles. 


base: when we 


cease our 
reached 


carry the for the time being. 


For those who have been deluded, by external 
appearances and by partial understanding, into 
thinking of science as a relentless, all-conquering 
intellectual force, armed with finality and perfec 
tion, the treated here would 
be considered as damaging imperfections. 


will 


limitations have to 


You 
have realized, however, from the pride and 
enthusiasm with which = | 
that 


exhibited these 
I do not myself think of them as 
unpleasant imperfections, but rather as the blem- 
ishes which our 


have 
pomts, 
make nustress all the more 
endearing. 


And. this 
point—the 


leads at once to the final 


which I do in 


remark 
fault fact consider a 
serious imperfection. This is not a weakness which 
is inherent in the nature of science, but) one 
which has been created by the attitude of scientists 
and non-scientists alike. 

I refer to the fact that many scientists—and the 
public which they have over and falsely impressed 

have created a horrid and dangerous gap be- 
tween This is the 


science and the rest of life 
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which have been 
so brilliantly discussed by C. P. 
lieve,” this 


guished essayist 


tragedy of the “Two Cultures,” 
Snow. “IL be- 
also a distin- 
“the intellectual 
life of the whole of western society is increasingly 


scientist who is 


SaVS 
and novelist, 
being split into two polar groups.” 
The two cultures referred to by 
formed, on the one hand, of the scientist and the 
very few 
understand 


Snow are 
bothered to 
modern life, 
and on the other hand, of the literary intellectuals, 
the artists 


non-scientists who have 


science and its role in 


ina broad sense the humanists. Snow 
comments that “thirty vears ago the cultures had 
long ceased to speak to each other: but at least 
they managed a kind of frozen smile across the 
gulf. Now the politeness is gone, and they just 
make faces.” 

Snow and 


writes with wit 


with compelling 
attitude 


some- 


wisdom about the 


revolution, in_ its 
towards science, which our society must 
This involve assimilating 
“as part and parcel of the whole of our 
experience.” This 
about unless 


how achieve. must 


science 


mental cannot be brought 


politicians, administrators, an entire community 

know enough science to have a sense of what scien- 
tists are talking about 
the two cultures is 


intellectual 


closing the gap between 
a necessity in the most abstract 
well as in the most practical. 
When these two senses have grown apart, then no 
society is going to be able to think with wisdom. 


scrise, as 


Snow seems to place a rather greater blame 
for this perilous dichotomy upon the literary 
intellectuals, whom he considers the more seriously 
unpoverished because of the scorn which moti- 


vates their attitude towards science. 


They still like to pretend that the traditional culture 
is the whole of “culture.” as though the natural 
order didn’t exist as though the scientific edifice 
of the physical world was not, in its intellectual depth, 
complexity, and articulation, the most beautiful and 


wonderful collective work of the mind of man. 


I am myself more inclined to place the greater 
blame upon the scientists. Although some scien 
tists seem almost childishly eager to leave their 
laboratories to talk about things which they do 
not understand, they have been pretty reluctant 
to leave their laboratories to talk and write intel- 


ligently about what they do superbly understand. 


Far too little have they been concerned with gen- 
eral interpretation of their methods and_ their 
results. 


Zut there is blame enough for all elements of 
society to deserve a substantial portion; and. al- 
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location of the blame is not a constructive task. 
What we must do—scientists and non-scientists 
We must bring science 
back into life as a human enterprise, an enterprise 
that has at its core the uncertainty, the flexibility, 
the subjectivity, the sweet unreasonableness, the 
dependence upon creativity and faith which permit 
it, when properly understood, to take its place as 
a friendly and understanding companion to all 
the rest of life. 

I began with a sonnet—a classical one. | 


alike—is close the gap. 


close with a modern sonnet by Clarence R. Wylie, 
Jr., who is a poet and a mathematician : 


Not truth, nor certainty. These | foreswore 
In my novitiate, as young men called 

To holy orders must abjure the world. 
“ht... then... ., this-only F assert: 

And my successes are but pretty chains 
Linking twin doubts, for it is vain to ask 

If what I postulate be justified, 

Or what I prove possess the stamp of fact. 


Yet bridges stand, and men no longer craw! 

In two dimensions. And such triumphs stem 

In no small measure from the power this game, 
Played with the thrice-attenuated shades 

Of things, has over their originals. 


How frail the wand, but how profound the spell ! 
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1 FOREWORD 


A GREAT industrialist has recently stated that 
the most successful manufacturer is the one who 
makes the best guess, not on what the people 
say they want, but on what they want and are 
willing to buy. In the same vein it can be said 
that the most successful “problem solver” (e.g., 
practicing apphed mathematician) is the one who 
makes the best 


customer 


guess not on the problem the 
he but the 
problem the customer really wants solved and 
for which he is willing to accept the solution. 


wants solved 


SAVS on 


It has long been known that the realization 
of the solution of a given problem lies in’ an 
important the stating the 
problem with sufficient clearness. By a sequence 


way in process ol 
of simple restatements of the problem it) may 
happen that a statement is easily evolved which 
effect. the Thus, if the 
problem is to determine the unit) production 
cost x (in dollars) of an infrared filter set from 
the knowledge that a lot of 100 sets cost $1,200 
to produce, be 
100x = 1,200. A restatement of the problem, 
obtained by use of an elementary principle of 
algebra, is x = 1,200/100 = 12, itself 
is the solution desired. 


is in solution desired. 


the problem = may stated as 


which in 


In applying the solution of one problem to 
the process of arriving at the solution of another 
problem, care must be taken to insure that a 
correct use is made of related problem state- 
ments. Thus, with reference to the example 
just given, if it should turn out that what the 
problem proposer really wants is an estimate of 
the cost of a production lot of 1,000 sets, it does 
that 


12,000 dollars, since the cost: per 


not necessarily follow the solution is 


12 K 1,000 = 


' Portions of this paper were given as introductory re- 
marks by the author as Chairman of a Panel Meeting on 
“The Problem of Formulating a Problem,"’ held 28 Decem- 
ber, 1958, during the Washington meeting of Section A of 
the American \dvancement of Science. 

2 ‘The views expressed herein are those of the author and 
are not necessarily those of the Navy Department 


\ssociation for the 


PROCEEDINGS OF THE AMERICAN PHILOSOPHICAL SOCIETY, VOI 


unit set may vary with the size of the production 
lot and may thus differ from $12. 

While many problems may be simply formu- 
lated, formulated be 
formulated to yield easily the desired result, 
it is unfortunately true that it is seldom that a 


and many once can re- 


problem of consequence can be formulated with 
such ease, or once formulated that its solution, 
if indeed one exists, can be obtained so painlessly. 

As another example consider the following 
problem which happens to occur in a class ot 
nuclear engineering studies (involving cascades 
of several stages) relating to the most economic 
separation of the isotopes of certain radioactive 
elements. [It is known that in a certain separa- 
tion process, to a first order of approximation, 
the rate of change of the amount x of material 
.{ present in the process with respect to the 
amount y of material B present in the process 
is a rational function of x and y, and that both 
x and y are positive and less than one. An 
expression g(x, y) = 0 relating x and y, prefer- 
ably y as a function of x is desired, such that the 
values of x and y at one stage of the process are 
(a, b). 

While the problem appears to be reasonably 
well stated, namely, find the solution g(x, vy) = 0 


a and 3 being polynomials, (1) 


Oo < eS 3 184.8) = 0; 


a useful solution to system (1) may be quite 
difficult to obtain, in fact, the very existence of a 
solution might well be questioned. 

The formulation appears ‘to present no par- 
ticular initial difficulties, but the actual realiza- 
tion of a solution of value to the customer is not 
at all evident, even though one employs suitable 
existence theorems and methods relating to the 
solution. The form of the solution desired is 
not entirely clear from the formulation given, 
and even when found it may appear that the 
actual types of solutions desired may be quite 
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different from the solution of the problem as 
eventually realized. Thus, if an actual quadra- 
ture is achievable, the result may be of such a 
character that it is of little value as a solution 
without extensive numerical pursuits. Perhaps 
a numerical integration, elected as the initial 
process used to realize a specific numerical solu- 
tion, would turn out to be more efficient and 
suitable in the end. The point is that the state- 
ment of the problem, while perhaps adequate for 
some purposes, may be quite inadequate for the 
purposes for which the customer desires a solu- 
tion. While a well-stated problem may permit 
the ready, or eventual, exhibition of a solution, 
it does not follow that the solution obtained 
necessarily is the sort of solution the originator 
will find particularly efficient and useful. So, 
additional information should be provided as to 
how the solution desired is to be utilized, and 
the form in which it is thought would be most 
useful to the originator. This problem actually 
came to my attention once and it eventually 
turned out that if the originator had made known 
the more fundamental problem the correspond- 
ing system of differential equations would have 
led more easily to the type of results wanted. 

In the practice of applying. mathematical 
analysis to problems in various diverse fields it 
frequently happens that the most difficult situa- 
tions that must be faced are those that require 
considerable exploration in the search for a 
suitable definition and localization of a problem. 
It is about this phase of the subject that | shall 
bring to bear the considerations of this paper. 
In other words, it is the purpose of this discussion 
to explore some aspects of what might be termed 
the problem of formulating a problem. 

| recall a conversation with E. T. Bell during 
the early phases of World War II on the subject 
of the nature of applied mathematics in which 
he was attempting to give me encouragement 
in my attempts to apply analytical reasoning to 
certain development 
my attention. 


projects then absorbing 
He remarked that in 
spects pure mathematics was relatively easy 
when compared with applied mathematics in 
which the most difficult things one had to do so 
frequently stemmed from the troubles experi- 
enced in formulating the mathematical problem 
on the basis of the underlying physica! (eco- 
other) fields. He this 
problem of developing the problem formulation 
mathematical the 
challenging of problems, and often far more 


some re- 


nomic, or considered 


into a statement as most 
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difficult than the process of finding a mathe- 
matical solution once the mathematical formu- 
lation was adequately made. He remarked that 
by sticking to ‘pure mathematics” the mathema- 
tician could better control his premises, and so 
adjust them as to insure solutions, whereas such 
“tinkerings with” premises could not always be 
tolerated if one is successfully to realize realistic 
solutions of problems stemming from other 
Jokingly, he said that it was_ this 
difficulty that led so many mathematicians to 
stick to mathematics per se as opposed to applied 
mathematics. It is interesting to note that he 
felt that the business of formulating the problem, 
even though it often required a very considerable 
knowledge of other fields outside the domain of 
mathematics per se, was really the 
mathematician as well as for those versed in the 
other fields involved. 

With this foreword it is thus clear that this 
businesss of formulating problems is truly one 
in which the techniques, insights, and knowledge 
of the mathematician can well be capitalized 


sciences. 


one for 


2. THE PROBLEM Ol 


THE 


DISCOVERING WHAT 
PROBLEM PROPOSER 
REALLY WANTS 


It is commonplace in the practice of applving 
mathematical asked to 
problems that the originator has failed to state. 
In fact, it is the usual thing to be confronted 
with a written request to undertake a study in a 
given field, but the request 
ous supply of verbiage 
lem. Either the 


analvsis to be solve 


in spite of a gener- 
fails to state the prob- 
problem 
missing from the statement, or perhaps some 


real is completely 
colorful symptoms of the real problem are given, 
or perhaps problems are stated which 
understood in the framework of their origin are 
found to be unimportant, irrelevant, or actually 
Out of the confusion one is then 
faced with rejecting the request for help alto- 
gether, or sitting down with the originators 

over a cup of tea, shall we say—and having an 
intimate discussion aimed at finding out just 
what is troubling the originator, and 
scene as the plot develops’? somehow to search 
out what it is that the originator really does need 
to have done. Once this is found, or at least 
surmised, then often the job is to convince the 


when 


misleading. 


“case the 


originator as to what he really does want. 

So, out of what at first appears to be a con- 
unrelated and irrelevant 
matters a semblance of order emerges which 


fusion of seemingly 
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eventually may lead to the organization of a set 
S of 
conference and study from this set S a sensible 
approach and statement S’ of the job to be done 
is evolved. 


well-ordered and stated problems. By 


Sometimes a good understanding 
In such 
cases it often proves wise to follow one’s own 
the approach to the 
situation, re-examining the situation from time to 


cannot be reached with the originator. 


opinions as to correct 
time as the problem develops. 

There is much more that should be said with 
the art of 
But before pursuing such matters in’ further 
detail it is well to reflect 


regard to formulating a problem. 
a litthe on the manner 
in which physical and mathematical theories 
have been, are, or may be constructed. 


3, ON THE MANNER IN WHICH PHYSICAL 


THEORIES MAY BE CONSTRUCTED 


As a means for understanding how some types 


of problems are or may be formulated, it is 
instructive to consider certain major steps which 
experience has shown to underlie the develop- 
ment of present-day physical theories, 

The development of all known fields of physical 
science appears to have begun through experi- 
ence, accidental or otherwise. ‘The operations 
of measuring and observing physical phenomena 
lead to the concepts of particle, mass, velocity, 
held, and the like. 


or discovered 


Eventually there are evolved 


certain concepts, empirical or 


otherwise, describing what might be termed 
which act on the “particles,” ete. 
After much trial and error, principles are some- 


how arrived at which permit the interlacing of 


“torces 


the “particles” and “forces” into what might be 
or “laws” 

describing the interrelations of the 
“forces” and the “particles.”’ 


termed the “equations of motion” 
“patterns” 
These equations 
are then used to predict the future behavior of 
the “particles” when subjected to the “forces,” 
the system thus used for prediction being called 
“the theory."" As further and 
measurements are made, the results obtained 
are compared in suitable ways to the predictions 


observations 


of the theory, and the degree of consistencies and 
This in turn 
either leads to a confirmation of the theory or 


apparent correlations are noted. 


an indication of the desirability of modifying 
the theory and the concepts (e.g., the “particles” 


and “forces” here in the 

Phis 
serves to tie up the process with the familiar concepts of 
Classical mechanics 


‘LT use the terms “particles” 


sense of logical “constructs.” terminology also 
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and ‘“‘forces”) involved. In time the theory 
may be improved and modified to account for 
the additional observations and digressions from 
The development 
the 
subject is thus a living thing, an evolutionary 


It capitalizes on the failures 


the older theory, and so on. 
of our understanding and knowledge of 
process indeed. 
as well as the successes. 

In physical science, as in other fields of science, 
the attempt is made to discover the pattern of 
events which seems to describe or control the 
phenomena observed. A great number of sepa- 
rate facts of observations may be summed up in a 
general 
formulae. In 


small number of laws expressed in 
effect, then, our 


knowledge of the physical world. is expressed 


mathematical 
by a collection of such formulae. They express 
But this does 
not mean that once a pattern has been discov- 


the pattern of events sought for. 


ered its real meaning or real origin can be truly 


known. In trying to undéfstand nature one 
but 
these descriptions, often written in mathematical 
language, are unlikely ever to describe nature 


itself, 


can describe our observations of nature. 


In the process of constructing a structure for ; 
physical theory the logics, 
techniques of mathematical may be 
The mathematics per se 
in the theory is thus partly analytical, partly 
logical, and partly computational. The mathe- 
matics per se may furnish in effect the transition 
“if 1" to “then B.” Yet the mathematics 
does not in itself demonstrate the “truth” of 
B, tor the mathematics cannot show that .1 is 
“trae. - Fike the 
hypothesis .{ may involve an inference involving 


languages, 


and 


scienc = 


freely used. role of 


from 


necessarily construction of 
Inany observations as well as an insight which 
may not be understood at all, either by the one 
generating the premise .1, or by others. The 
testing of the validity of the inference .1 may 
involve a study by observation of some aspects 
of B in the light of .1, for the so-called proof of 
“it .1, then B” is beyond the strict realm of 
mathematical argument. 

In formulating a problem, as in building a 
physical theory, it happens that 
attempt after attempt to lay down a reasonable 
model (theory) capable of predicting phenomena 
relating thereto fails, or seems to fail. This 
sort of thing has been happening for a long time 
in the realm of physics. 


sometimes 


This has not meant the 
abandonment of theory altogether, but rather 
it has meant that theories have been cast fre- 
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to include only limited domains, de- 
signed to predict (and explain) only specific 
types of physical measurements. In other 
words, it is sometimes better to abandon, tem- 
porarily, efforts to evolve a global theory and 


quently 


attempt to construct a localized theory, thereby 
perhaps getting closer to the more restricted 
observed phenomena of interest, and thereby 
more nearly fitting what might be called the 
“local” situation 
Perhaps different 


as observed in observations. 
localized may well 
result from this process, and these theories may 
be even inconsistent 


theories 


in some senses (and thus 
not amenable to a workable consistent global 
theory), though each within itself may give a 
workable, usable prediction applicable to its 
own local situation. This was precisely what 
was done in attempting to build theories deScrib- 
ing the many diverse 


electricity and magnetism. 


early experiments in 
Not until Maxwell 
developed his theory of electricity and magnetism 
The same 
process is going on today in the newer branches 


did a broad workable theory emerge. 


of nuclear science. 
To summarize: In the case of many types of 

natural phenomena the essential steps underlying 

the construction of a structure for a physical 

theory are essentially those of : 

(1) Sensing and formulating a set of 

with definition of 


‘“par- 


ticles,” other appropriate 


concepts (e.g., Mass, velocity, force, «--) based 
on observations and measurements. 
(2) Sensing and defining of a set of “forces” 
which may in some ways “‘act on the particles.” 
(3) The inference or discovery and formula- 
“laws” 


tion of or relations interrelating “‘par- 


ticles’ and “‘forces,”” leading to ‘equations ol 
motion.” 

(4) Use of (3) to predict future behavior of 
“particles” acting under the “‘forces,”” and sub- 
ject. perhaps to known boundary and_ initial 
conditions. 

(5) Comparison of the 
the future and 
measurements, noting the degree of consistencies 
and the like. 

(6) Modification of 
(4);@2 


with the results of observations. 


predictions of (4) 


with results of observations 


the theory outlined in 


}, (3) to result in an improved agreement 


ln the construction of such a theory one tries 
to discover the pattern of events which controls 


the physical phenomena observed. But this 
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does not necessarily mean that one can find out 
how the pattern originates and what it means. 

A particularly good example of a theory con- 
structed in the manner described above is that 
of Newton's classical theory of mechanics. 
This theory is the culmination of the efforts of 
many men over many centuries of observation 
and theory construction. The theory involves 
a number of terms (mass, 
definitions are still the source of much serious 
argument. (Steps (1) and (2).) Thus, in 
Newton’s theory for the case of a set of discrete 
particles of mass m,, acted upon by forces F,, 
step (3) involves equations of the form 


force, ---) whose 


me = FF. (4 = 4, 2. + (1) 


whose solution x; gives a family of possible 
trajectories for the particles as a function of time 
t. With suitable conditions 
then result these in) appropriate 
instances may be used to predict the paths of 
that, if oa 


proper knowledge concerning /, can be invoked, 


initial specific 
orbits and 


particles. Experience has shown 
predictions of the theory may be very good in 
appropriate situations. Where the results of 
prediction have been disappointing it has often 
happened that when a fuller knowledge of the 
Re; 5 
bodies, drag, spin, 


forces F forces of attraction between 
-) is available the predic- 
tions of theory can be made much more accurate. 
Crude approximations may involve the neglect 
of drag, spin, and the like, but better approxima- 
tions emerge with refinements of these effects. 
The literature of 


modern aerodynamics and 


aeroballistics abounds in illustrations of these 


principles and experiences. 

Newton's system of mechanics, based essen- 
tially on his three laws (of which equation (1) 
is a form of the Second Law) was able to provide 
a strong basis for the structure of dynamical 
astronomy. As the mechanics developed, vari- 


ous forms of the equations of motion were 


devised in order to solve more complicated 
Such I)’ Alembert’s 


which provided a single fundamental formula 


problems. was principle 


from which all the other laws of classical me- 


chanics (as then known) could be derived. kor 
mn point particles of mass m, with position vectors 
r; acted upon by impressed forces Fj’, and sub- 


ject to a given set of arbitrary (‘‘virtual’’) 


displacements 67;, consistent with the constraints 
of the system, 1)’ Alembert's principle may be 
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written 
(2) 


are the “‘lost’’ forces, and 


vas Fy 


are the effective forces. 


where F 
F mr 
tion is representative of step (3) in the construc- 


This equa- 


tion of a theory of classical mechanics. 

If the class of all motions of the system are 
considered in which the path of m,; begins at a 
fixed point P; and ends at Q;, and in which 6r 
are all zero at fy and ¢;, then it follows that for 
a dynamical path 


the time integral has a stationary value 
Here 7 is the kinetic 
6 >. F\*-6r; is the 


that ts, 
for the dynamical path. 
the svstem 


work. 
Hamilton's principle, can be taken as a funda- 
which 


energy. ot 


element. of This principle, known as 


mental postulate from other forms of 
classical dynamics may be deduced. 


Another 


of classical 


the 
constructed 


interesting form of theory 


mechanics is around 
In this theory 


_c, of the jth particle are functions 


Lagrange’s equations. the co- 
ordinates v,, ¥ 
of m independent parameters qi, ge, °* 7°. Qm- 
The clement. of written in- the 


él’ eB kinetic energy as 


work is form 


V 6g , and the 


] Ler ae 


Tred Js. From Hamilton's pring iple 


Lagrange’s equations of motion follow, namely 


d ( al ) OL 
; ze Qk: (R 
al oy O”q . 


Phese equations furnish a 
usetul 
problems of considerable complication. 
there 
the 


very powertul and 


approach to mechanics, espec ially in 


conservative exists a 
V my "5 ae 
energy such that 


kor a system 


function called potential 


oa ‘ ay 
d | -dW, Q , 
O”d: 
In such cases the treatment becomes simpler. 
Thus, Lagrange’s equations are 

d {aL OL 

: 2 Q, 

dt OW Oo”, 
where L r—-vV 
The theory. ol 
can be constructed from the equations (4). 


is known as the Lagrangian 


function. classical mechanics 
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Another system of equations is that known 
They occur in pairs, 


as Hamilton's equations. \ 
The form of the 


one pair for each coordinate. 
equations is always the same whether the. co- 
ordinate is an angle or a distance. For a con- 
servative system, these equations may be written 


oll OL all 


Ogi Oq, } Op; 


6) 


OL . 


_. is the generalized momentum, and 
Od: 

Hamilton’s function J/ 1 + V is the total en- 
ergy of the system. This form of the equations 
of motion is known as the form,” 
and has proved to be quite fruitful in solving 


Here p, 


“canonical 


very involved problems. 

At first the development of classical mechanics 
was confined to the notion of material particles 
and 
fere) all the energy of the group of particles 


as long as no outside forces acted to inter- 


retained a constant value throughout all changes 
in the motions of individual particles. From 
Newton's laws the well-known laws of Conserva- 
tion of Energy and Momentum tollowed. How- 


held 


Mag- 


ever, these conservation laws no longer 
when gravitation, radiation, electricity, 
into account. By 
momentum 
to. gravitation, found 


possible to construct an extension of the New- 


netism, etc., were taken 


attributing certain energies and 


radiation, etc., it was 
tonian mechanics-to account for a much greater 
range of phenomena. 

The process followed essentially the schemes 
sketched earher. As each 
came known the problem emerged to reformulate 


new discovery be- 
the theory as necessary to encompass the new 
knowledge. 

The 
considerable success in the large-scale problems 
of astronomy. But in the fundamental prob- 
lems of the structure of the atom the theory 
has failed seriously. Out of this failure has 
grown, within a relatively short time, a great 
new quantum — theory. 
Different though this theory is, and its successes 
examination of the 
the 
quent evolution of the theory disclose the same 
problem of formulating a problem— the problem 
the problem of attempt- 


classical theory of mechanics enjoved 


body of mechanics 


have been dis- 


coveries and disappointments and 


great, an 


subse- 


of theory construction 
ing to describe as simply and universally as 


possible the world as it appears to us from our 
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observations. Of this great story | shall not 
have space to pursue. Suffice it to point out 
that, different as the new theories appear to be, 
actually many of the principles and techniques 
underlying the older mechanics have been carried 
over into the new (e.g., the variational principles 
involved in Hamilton’s approach). 

Newton's law of gravitation was pondered by 
many people who wondered how gravitational 
forces could operate across stretches of empty 
space. A medium called the ether was conceived 
to permit the propagation of optical fields. The 
discoveries and observations in electricity and 
Magnetism presented a most intricate class of 
problems. Eventually, the work cf a= great 
number of experimenters in helds was 
synthesized into a simple and elegant mathe- 
matical form by J]. Clerk Maxwell, an elementary 
version of which reads in tensor notation 


these 


oft’ 

Ox; 

where s' is the four-current constructed from the 
familiar vector quantities 77, D, FE of electro- 
magnetic theory, and f are the components of 
a certain contravariant antisymmetrical tensor 
density (involving current and charge densities). 
Many attempts were made to incorporate this 
new electromagnetic theory of Maxwell into 
the Newtonian theory. Finally came the reali- 
that it takes time for electric action to 
travel from one point to another. 
tations of 


zation 
All represen- 
action were built 
on the assumption of a clear distinction between 
space and time. 


electromagnetic 


But experiments designed to 
verify such matters failed in the attempt to 
separate space and time experimentally. From 
this failure was built the theory of special 
relativity. Two assumptions of Newton were 
seriously questioned, namely, that of the existence 
of an absolute time and an absolute space. 

In the new theory the pattern of events could 
not be changed by moving the whole electrical 
structure through the ‘‘ether,’”’ regardless of the 
speed of motion. Einstein required in his 
principle of special relativity that all reference 
systems moving in uniform+smotion relative to 
each other shall be equivalent for the formula- 
tion of the laws of nature. From this it follows 
that the equations of mathematical physics 
shall be invariant in form with respect to an 
arbitrary linear transformation in space time. 

Maxwell's theory tell naturally into the new 
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theory of special relativity. The theory shows 
that there exists a family of coordinate trans- 
formations under which Maxwell's field equa- 
tions are invariant in form. In fact, the theory 
has led to the generalization of the Newtonian 
equations of mechanics for application to par- 
ticles moving with speeds close to that of light. 
For velocities small compared with those for 
light, the older Newtonian theory gives very 
good approximations to the newer theory and 
to experiment. 

Later Einstein formulated the principle of 
general relativity which demanded that arbitrary 
reference systems in arbitrary motion relative 
to each other shall be equivalent for the formula- 
tion of the laws of nature. From this it follows 
that the equations of mathematical physics shall 
be invariant (tensor covariant) with respect to 
arbitrary transformations in space time. The 
outcome of this theory construction has been 
a theory which describes mass, energy, and 
gravity in a purely geometric setting. 

In the Newtonian mechanics the fundamental 
metric is the distance 
points, namely, 


between neighboring 


du> = >3 


This is invariant under the rigid motions of 
Euclidean (Galilean) transformations, when 
time and length are considered absolute. The 


equations describing the known laws of me- 
chanics are not necessarily invariant in form 
when certain changes in coordinate systems are 
made. 

For the general relativity theory the funda- 
mental events (x4, Xe, X3, ¥4) are represented by a 
set of points in a Riemann space whose metric 


1S 


4 


d= > giudxdx,. 8) 


k=l 


Here x4 ct. ds is invariant under a_ very 


general type (Lorentz) of transformation ot 


coordinates. 
£54 = 8pq-) 
A geodesic 


(In the special theory, ga; = 1, 


joining the points P and Q is a 


Q 
ds has a 
p 


. - . . 
By the use of variational 
principles mentioned earlier the geodesics are 


path for which the interval s = 


stationary value. 
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found to satisfy 


ax" | dx, dx’ 
+ a 

ds? dha ds ds 
fat oe 


under 
very general coordinate transformations. Here 
|pg, k} represents the Christoffel symbol deriv- 
able from the g,,. 


These equations are invariant in form 


Once these coefficients are 
known, the geodesics can be tound. 

The “principle of equivalence,” as it is called, 
states that the path (world line) of a freely 
moving particle is a geodesic in space-time and 
is given by (9). 
ured by a 
particle. 


Here s is the proper time meas- 


clock the 


moving with material 
When only ordinary three-space is considered 


with the Euchdean metric, equations (9) become 


d? x! 


(). ; : Q) 
a 3.9), ! 


whose solutions are ordinary straight lines as in 
Newton's theory tor the unrestricted motion of a 
body in tree space. 

The principle of the geometrization of physics 
states that a distribution of matter and radiation 
in space-time and the Riemann geometry ap- 
propriate to that region have the same qualita- 
tive and quantitative properties. 
quantitative properties are 


The common 
ensured by rules 
fixing the precise relationships between certain 
characteristics of matter and 
momentum, density) the 
the metric (8). 
rules is in 


radiation 


(e.g., 
energy, values 

The 
some respects 
arbitrary, as in Newton's theory, so that the 
justification must lie in the consequences of the 
theory and the degree of fit with actual obser- 
vations. 


and 
of the coefficients g,, in 


selection of these 


Einstein, after much thought and _ trial, 


finally selected the coefficients g,, and an ex- 
pression he called the energy tensor t.? to be 


related as in the Einstein gravitational equations 


i), GD 


where k Sry ¢, y and A are the gravitational 
and cosmical constants, and G,” and G are the 
components of a certain 
Christoffel tensor and the scalar curvature of 
the metric (8). These equations imply that any 
characteristics of matter and radiation will also 
be a characteristic of the curvature of spacetime. 


mixed 


Riemann- 
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It is interesting to note that for a gravitational 
field in) which vary little with time, 
equation (9) reduces to the familiar Newtonian 
equations for the motion of particles in a gravita- 
tional field. 


the ¢g,, 


It is significant to note that the equations (8) 
(9), and (11) are all tensor equations; they are 
covariant (invariant in form) under arbitrary 
coordinate transformations. In fact, in the 
general theory ol relativity the laws of nature 
are all supposed to have the property of co- 
Variance. 
there are main 
mathematical framework tor 
the expression of the equations of physics, and a 
unified field theory adequate to cover all fields. 
While the first of these aims has been realized, 
the latter has vet to be realized. 


In the general theory two 


goals: a uniform 


As to the special theory of relativity, it will 
suffice to note that its development has succeeded 
in clearing up at least some of the difficulties 
with gravitational theory. It 
most useful in 


has been found 
modern branches of 
physics, .such as particle theory, and has found 


much support 


many 
from. branches far 
upon which 
depended for 


beyond the 
the 
experimental 


optical phenomena original 
relativity 


confirmation. 


theory 


A discussion of the development of modern 
quantum theories would disclose abstractly the 
same sort of steps | have outlined for the New- 
tonian and relativity mechanics. Space will not 
permit me to pursue this story any further here. 

To recapitulate: The principal steps under- 
lving the construction of a physical theory have 
sketched. Certain examples have been 
selected to illustrate these steps. Thus, New- 
ton’s theory is the result of such an evolutionary 
process of conjecture, theory construction, trial, 
prediction, observation, theory modification and 
reconstruction. 


been 


For many purposes this theory 
is thoroughly adequate, but it has certain serious 
shortcomings, such as for example in the applica- 
tion of mechanics to particles moving with speeds 
nearly equal to that of light. 

The development of 
special relativity is 


Einstein’s theory of 
a classical example of a 
modern improvement of Newton's theories and 
predicts some types of phenomena with greater 
accuracy than the Newtonian 
The theory of relativity is an evolutionary 
product of classical mechanics. Both theories 
clearly involve the use of steps such as those 
outlined earlier. 


older theory. 
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Many distinguished investigators have at- 
tempted to formulate theories adequate to 
account for all known physical phenomena. As 
yet no one has been able to construct a usable 
global physical theory capable of encompassing 
all known physical observations. Such, for 
example, were the attempts of Newton and his 
successors to develop a universal mechanics, 
the failure of the mechanics as further developed 
to encompass the sort of electromagnetic phe- 
nomena associated with moving charges, the 
development of Maxwell's formulation of electro- 
magnetic phenomena. Likewise, were the ad- 
vances of Einstein and others which did account 
for some of the failures of the Newtonian me- 
chanics, as in the applications to celestial 
mechanics, the complete failure of Newton's 
theory to account for radiation phenomena, and 
the inability of the current development of the 
special and general theory of relativity to account 
adequately for all that has been observed in 
gravitational theory and in the new fields of 
nuclear physics. 

A full discussion of the many ways that phys- 
ical theories may be constructed is beyond the 
scope of this paper, so I shall not attempt to 
pursue the matter further here. One essential 
point is that a knowledge of these sorts of tech- 
niques of theory construction is most helpful 
to one who is attempting to formulate a problem, 
whatever be its field, physical, economic, or 
otherwise. While the underlying entities may 
not be torces, mass, and the like in the strict 
sense of mechanics, the underlying constructs 
may often play analogous roles. 


$4, ON THE MANNER IN WHICH MATHE- 
MATICAL THEORIES (OR SYSTEMS 
MAY BE CONSTRUCTED 


The earliest germs of mathematics are lost in 
antiquity. But it is known that long ago certain 
principles of logic had already emerged, various 
forms of counting, measurement, and arith- 
metics of numbers had been invented, and forms 
of geometry formulated. 

The emergence of mathematics from ancient 
times has been one of gradual growth and evolu- 
tion from very primitive notions. This develop- 
ment has been the result of the keen minds of 
many people; sometimes, the result of motiva- 
tions arising from the real physical world, some- 
times the products of the unusual gifts and 
insights of human minds. 

As the mathematical be- 


sciences grew. it 
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came increasingly clear that there were certain 
aspects and principles upon which the structure 
of specific branches of mathematics  (e.g., 
geometry) could be or were built. Broadly 
speaking these principles included those of 
logic, order, number, measurement, equivalence, 
and geometric relationships. Later came the 
notions of limit, continuum, set, group, algebra, 
and so on. 

In time it became clear to the research mathe- 
matician that he could actually design a mathe- 
matical system possessing certain specific char- 
acteristics, perhaps not heretofore realized. 
The new system could be in effect a generaliza- 
tion (or specialization) of a previously known 
system, or it could be a system constructed by 
analogy with some other system, or it could be 
an entirely new system in its own right. 

The problem of formulating a mathematic 
may involve the invention of new concepts, or of 
removing restrictions on the rules of an existing 
mathematics, or of imposing additional restric- 
tions, or of formulating an entirely new set of 
rules and entities. The directions in which such 
developments may proceed may be initiated by 
a specific desire to generate a mathematical 
system capable of handling some specific situa- 
tions, some specific difficulties in some other 
science (e.g., physics), a desire to improve one’s 
understanding of a particular situation, an 
attempt to prove a particular result, an attempt 
to generalize some known results, etc. 

To discuss properly how such mathematical 
theories and have been or could be 
developed is beyond the scope of this paper. 
Indeed, one could not hope to enumerate all oi 
the methods, for many of them have yet to be 
discovered. However, it is possible to sketch a 
general procedure which, over the years, has 
proven useful and fruitful in a wide variety of 
investigations involving the development of 
mathematics per se. This procedure furnishes 
certain principles upon which the problems of 
formulating a strictly mathematical 
problem (or system) often can be based. 


systems 


specific 


A procedure for the formulation of a mathe- 
matical system or theory involves in general 


the following major steps: 


(1) To begin with there must be listed (a) 
what is known, (6) and what is wanted, in so 
far as these matters can be determined. 

(2) From (1) there must be formulated a 
plan of action tentatively designed to accomplish 
what is considered to be the problem. 
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3) From the plan of (2) there should be 
constructed a (mathematical) system tentatively 
designed to accomplish the desired result. This 
construction may be the result of a discovery, 
or it may be merely the result of a “hunch.” 
The system as it is developed is characterized by 
(a) a set of definitions, (b) a set of axioms, and 
(c) a body of propositions, statements and 
inferences which may be deduced from (a) and 
(b) by a suitable logic. 

(4) The results of (3) should be examined to 
determine to what extent the system 
contributes to the realization of what is really 
wanted in (1). 

5) In the light of (4), if the mathematical 
system constructed not meet all of the 
requirements desired of it, then it is time to 
explore possible modifications of the system 
with the hope 
that a more satistactory solution to (1) may thus 
result. 


devised 


does 


or an entire new construction 


In the construction of such a system it is of 
that 
themselves. It is 
exhibit 


the axioms be consistent 
that 
properties 


course necessary 


within often desirable 


they certain completeness 
Gin the logical sense), though for some purposes 
where a wide variety of applications as to differ- 
ent helds of mathematics and physics is to be 
allowed, completeness may not be desired, or 
even be attainable. Furthermore it is desirable 
that the underlying axioms be independent of 
each other. 

The inferences derived from the system may 
be general, or they may be specific, 
character. 


or local in 


The well-known modern theories of geometries 
proc eed along these lines, as well as those of the 
theory of numbers, algebras, sets, and so on. 
examination of major mathe- 
matical field from the point of view of its develop- 
ment will exhibit) the 
characteristics outlined above. 

Step (3) usually involves the generation of a 
sequence of Conjectures as to what may actually 
“work,”’ conjectures in the form of theorems, 
or possible sets of axioms and the like. Once an 
axiom system, or theorem, is tentatively selected 
for study, the mathematician then attempts to 


In fact, an any 


and structure general 


demonstrate the consistency of the system, or 


thedtem. Often he fails to 


He then capitalizes on his 


the 
proot. 


the 
realize a 


proot ot 


failures, perhaps by modifying his premises, and 
tries again. Even if he realizes his proof, the 


result may or may not be of significance when 


FORMULATING A 


PROBLEM 437 
viewed in the light of the known literature on 
the subject. 

The process sketched above is in reality an 
evolutionary one. At first, the investigation is 
often one of considerable haziness and confusion. 
As the study progresses the fog may lift, the 
considerations leading perhaps to a_ better 
formulation of the original problem, and a more 
appropriate mathematical system and a solution 
to the desired problem. 

The principles described above illustrate an 
axiomatic method, involving certain constructed 
axioms from which the 
pertinent propositions, theorems, concepts, and 
inferences of the system can be derived by 
definition and deduction. While much may be 
learned this way, it not follow that all 
things related to the field to which the method 
is applied can be so deduced. What are deduci- 
ble from the axioms are the pertinent general 
Specialized or localized relation- 


basic definitions and 


does 


propositions. 
ships may not be deducible from the axioms. 
Thus, in the axiomatic treatment ot 
Euclidean geometry one may deduce a theorem 
the the mutual 
distances between any selection of three points 


plane 


which indicates invariance of 
under the transformations of rotation and trans- 
lation, vet the axioms may prove to be insuf- 
ficient to disclose the actual distances between 
the specific points involved. 

In constructing systems of the sort outlined 
above it is important to realize that the choice 
of premises need not be unique; and that as the 
study progresses these premises may undergo 
The system should be clearly and 
While often 
desirable it is also often wise to adopt a system 
which involves a minimum effort. 
intuition, curiosity, a 
may be 


evolution. 


simply organized. precision is 
Imagination, 
originality, sense for 
generalization and analogy, all 
valuable in arriving at a suitable system. 
tainly every effort should be made to invoke 
the “principle of minimum confusion” at the 
earliest possible moment. 


very 
Cer- 


Lest one gain the impression that all mathe- 
matics arises as an axiomatic system it is well 
to note that there are mathematics that 
in non-axiomatic Thus, many ol 
the problems of calculation, of numerical 
analysis, of algebra, and of analysis are those 
of carrying procedures for 


arise 


fashions. 


out recognized 


obtaining solutions, or of devising methods 


for generating the solutions desired. They may 


involve known techniques, or they may require 
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the development of new or improved methods 
of calculation and analysis. 

The problems of mathematics are presented 
by the intuition and the spirit of the scientific 
mind. Such problems cannot 
solved by routine rules. 


necessarily be 
Any deductive pro- 
cedure that may lead to their solution may have 
to be discovered. In such tasks the mathe- 
matician must lean heavily on experience, gen- 
eralization, analogy, intuition, and a capability 
to bring together manifold connections. He 
must rely heavily on construction since there is 
no “formula” for deducing all propositions from 
a given set of premises, or for constructing 
premises adequate to meet any specific require- 
ments. Thus, mathematics not 
merely in developing the logical consequences 
of a given set of assumptions. 

The mathematician may have a 
“hunch” that a certain relation or theorem may 
be “true.” 


does consist 


research 


He sets out to devise a proof. In 
this he may succeed or fail. He may use his 
failures to modify his hunch, by making changes 
in his premises, or in his conjectured conclusions, 
or both. All of this may lead to the construction 
of a theory. In the present state of our knowl- 
edge of mathematics the theory may prove to 
be one already known, but occasionally a truly 
new advance is made. The real mathematical 
investigation underlying this method (which 
may the construction of a clear-cut 
axiomatic system for the theory) lies in the 
evolution and construction of the system itself. 
The art of constructing the system may reflect 
the real mathematical effort and talent. The 
research mathematician will appreciate keenly 
this point from the richness of his own experiences. 


lead to 


As an illustration of these processes | cite the 
role that 
played in 
Many 
matical 


the methods ot generalization have 
the development of mathematics. 
generalizations of elementary mathe- 
known. Thus, the 
evolution of the nature of a number, from the 
simplest the natural numbers, to 
negative integers, zero, rational fractions, com- 
plex numbers, and so on. Likewise, the growth 
of the from the Euclidean 
geometry, to the geometries of Klein (namely, 
the study of the properties of a space S that are 


concepts are well 


notion of 


idea of geometry, 


invariant under a group of transformations of 
S), to topology (in which the space is subject 
to a very general type of transformation called 
a topological transformation, which is 


merely a 1 to 1 warping of one set into another 


one 
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such that the warping and its inverse preserve 
limit points), to geometries which fall outside 
the scope of the Klein definition (i.e., where the 
The 
Klein idea gave a method for classifying geome- 
tries that has contributed much to the clarifica- 
tion of geometric concepts, and this has carried 
over to many other fields of mathematics. 
Current practice in many mathematical jour- 
nals of research is such as to discourage exposi- 
tory articles—or ing. db “O80 containing 
detailed discourses on fhe background of the 
helds concerned. ‘This minimum 
of discussion relating to the various attempts 
the investigator may have made betore he arrived 
at the theorems and hypotheses which he gives 
in as terse a manner as possible. 


transformation is no longer a group, etc.). 


results in a 


The point is 
that much in mathematics may be given and 
written from the deductive and axiomatic 
approach, whereas there has been in fact much 
more mathematics used in the development 
than immediately meets the eve and is given 
on the printed page. It is the type of mathe- 
matics that involves exploratory investigations, 
induction and conjecture, the search for a rea- 
sonable approach to the subject, which even- 
tually may lead to a set of premises from which 
pertinent propositions can be stated and theorems 
proven. Unfortunately, only too often these 
most important steps are omitted from the pub- 
lished works. 

As an example of how a generalization may 
be made consider one phase of the history of 
transform theory. Long ago it was noticed that 
one way of solving the linear differential equation 


Yy+cY = Fit) (1) 


was to multiply (1) by 


result, the solution being 


a oil rine + Ce“, 


the constant C 
from 


and integrate the 


where 
found 


of integration must be 
the given initial conditions. In 
time this suggested that the solution to (1) could 
be reduced to a routine by the use of appropriate 
tables of integrals. 

In many physical problems F(t) = 0 
i<0. 
tion 


when 
This led to a consideration of the func- 


ris} = f Fi(t)e'dt = LIF ity}, 
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now known as the Laplace transform of F(t), 
as a function in its own right. Tables of 
as a function of F(t) were constructed. In time 
it was found that the 


inverse function exists, and is unique, namely, 


1 ++i: 
; 4 fis)etds Lot hts)t. 3) 
-71l J, x 


This led to serious studies by many people as to 
the under which the 
and (3) can exist (converge), and an entire func- 


/(S) 


under some conditions 


conditions integrals (2) 
tion theory has so emerged. 

In time the solutions of equations such as (1), 
with lim ¥(f) Y.0, F(t) O when ¢ S 0, 


+0 
were reduced to a routine, such as follows: 

(1) and the 
There results an 


Take the Laplace transform of 
initial boundary conditions. 
auxiliary equation in y(s) 23 


f(s) 


By taking the inverse 


vis), J 


Laplic e transform. ol 


Is obtained, 


) F 


Here 


denotes the Faltung 


F, T is { 


r)dr 
Now while formally this routine seems to be and 
is simple, it turns out that the conditions under 
which all of the steps involved are valid must 
be carefully This 
the being a rather vast 


done, 
the 


examined. has been 


result theory for 
Laplace transform. 

The system outlined above has been dey eloped 
progressively and is applicable to many forms 
of ordinary and partial differential equations, 
and the theory is still under development. It 
furnishes a very method 
those involving 
The been 
one of repeated conjecture, and the search for 


for attacking 
the 
has 


useful 
problems, especially more 
complicated functions. process 
conditions under which the process can be made 
to hold. 

The theory has gone tar bevond the case shown 
here. The idea is easily generalized, and quite 
naturally so, when one asks whether there are 
not cases where integrating factors other than 
the exponential e“ are not more appropriate 
to use, especially in some types of differential 
equations. 

The boundary 


existence of value problems, 
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such as encountered in physics leads one to ask 
whether different limits to the integrals might 
under conditions. 


be more appropriate some 


Thus is suggested a theory of transforms of 


the function F(t) based around integrals of the 


form 
6 
K (st): F(tjdt 


kor every A (st) (the kernel) and for 
selected limits a and 6, there can be raised the 
the the 
integral (5) and its inverse 


1} F(t)}. 
function 


questions concerning convergence. of 


Fit l 


Each selection for A leads to a possible theory, 
in which the search must be made for the perti- 
nent properties of the transform. For example, 
under what conditions does the inverse transform 
exist, and if so is it unique? Can one say that 
the transform of the sum of two functions is the 
the transforms of the 
7(A + B) 1(A) + 7(B))?) What 
can be said about the product ot transforms 
1(A)-7(B),andsoon? For what types of limits 


a and 6, and tunction F(t 


sum. ol separate tunc- 


tions (1.e., 


. do the theories prove 
to be productive ? 

It turns with (a, 6) = @, « 
when A or cos st, 1} F(t)! 
is the familiar Fourier transform; when A is the 
Bessel function J,(st), 7 is the Hankel trans- 
form; when (a, 6 —1, 1), and A is the 
Legendre polynomial P(t), 7 is the Legendre 


that, 
is taken to be sin sf, 


out 


transtorm; and so on. 
In this manner 
structed. 


many theories may be con- 
This sort of thing is going on con- 
stantly as a perusal of the current journals of 
research in)’ mathematics will Thus is 
illustrated the ways that new 


mathematical structures and theories are devel- 


show. 
one ol many 
all-inclusive formula tor 
doing this sort of creative work. 


oped. There is ho 
Eventually 
such theories may be so arranged that they can 
axiomatic basis. 


be placed on an adequate 


rom this a set of rules—a ‘“‘drill,”’ if you please 
can be formulated for doing certain things more 
simply, or better, and perhaps in a routine 
fashion. 

Another tvpe ol mathematical theory con- 
struction is that of inventing mathematical 
structures capable of removing theoretical weak- 
nesses and difficulties encountered when abstrac- 
tions and generalization of mathematical theories 


are attempted. Thus the current developments 
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in the mathematical physics of quantum sta- 
tistics have raised most difficult problems in the 
theory of distributions, as may be seen in the 
recent works of I. E. Segal, L. Schwartz, Fried- 
richs, and others. 

The problem of formulating a problem of a 
strictly mathematical nature arises not only in 
a setting requiring the formulation of a workable 
mathematical system or theory (which in any 
major achievement is likely to be done _prin- 
cipally by professional research mathematicians), 
but in a variety of other ways. The need for 
the formulation of a problem may stem from: 


(a) problems involving the development of a 
scheme for deriving or proving a set of desired 
results, or theorems; 

(b) problems requiring the calculation of 
mathematical solutions to a given set of mathe- 
matical relations, equations, and the like. 


Such tasks often require the development of 
schemes for realizing such solutions, and this in 
turn May pose serious questions involving the 
formulation of the original problems. The 
literature abounds with examples illustrating 
this type of work (e.g., [ 
such as 


any issue of a journal 
Mathematical Reviews contains many 
such examples of current work along these lines). 
The methods available for such problems are 
many and varied. Of this, the professional 
mathematician and computer are well aware. 
To summarize: Much of mathematics per se 
is built up abstractly in a manner quite similar 
to that earlier for the 
of a physical theory. Thus in the construction 
of an abstract mathematics one may consider: 


described construction 


1) A set S of (defined or not) elements. 


2) The definition of a set of operations O 
on the set S. 

(3) A set of laws or relations governing the 
interrelation of S and O. 

(4) Use of (3 
Sand OQ. 

5) Comparison of the results of (4) for con- 
sistence, applicability to other fields of mathe- 
matics (not excluding other sciences). 

(6) Modification of the theory outlined in (1), 
(2). (3) #6 mathematics that has 
wider significance as a logical development, or 
that proves to be productive of 
theorems and utility to other fields. 


to derive theorems concerning 


result ina 


one further 


The development of a mathematic is evolution- 
ary and dynamic in character, as in the physical 
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sciences. The development may be of such a 
nature as to be more general, or more specific. 

The discovery of the construction itself (.e., 
(1), (2), (3)), with a goodly yield (4), with 
richness of the results, may be the real mathe- 
matical achievement. The actual investigation 
may begin with a hunch—an inference as to a 
possible theorem—which in the outline would 
appear in item (4), and premises (1) to (3) are 
then evolved as a part of the construction. 

A comprehensive discourse on the many ways 
that mathematical theories or systems may be 
constructed would fill a large volume, so | must 
be content with the sketch just given. Suffice 
it to say that a knowledge and understanding 
of the sort of techniques that have been success- 
fully used in the construction of mathematical 
systems and theories are helpful to one who is 
faced with the problem of formulating problems, 
be they physical, mathematical or otherwise. 

With these brief sketches on the manner in 
which physical and mathematical theories have 
been and may be constructed it is well to return 
for a further discussion of some of the things 
which may be 
problem tor a proposer. 


encountered in formulating a 


5. REMARKS RELATING TO 
ricS, COMMUNICATIONS, AS APPLIED TO 
THE PROBLEM OF FORMULATING 
\ PROBLEM 


“TRUSE,*~ SEMAX 


A “climate” is 
formulation of a problem. One of the biggest 
that can make, the 
between the realization of the real solution to a 


necessary for the proper 


single reasons difference 
problem and failure can be placed on the word 
“trust.””. The person, Y, who requests } to find 
the solution of a problem must have 
confidence in the one who is asked to solve the 
There must be 
trust between them. 


given 
problem. a feeling of mutual 


real understanding of the 
problem (and its formulation) until XY has stated 


There can be no 


his case with adequate candor and care, and V 
has understood without ambiguity and contusion 
just what XY states he wants. Efforts on the 
part of Y to conceal from ¥ the real problem 
can be most disrupting indeed, and is primarily 
the cause of much distrust, misunderstanding, 
and the like. If X 
Y background material pertinent to the problem, 
difficulties arise and the result may be either no 
solution at all or a solution which is inadequate 
or inappropriate, if not downright wrong. 


withholds or conceals from 
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Thus, along with need to overcome semantic 
the 
full exchange of information, and a relationship 
of mutual trust and confidence, if a problem 


misunderstandings, there are needs tor a 


is to be well formulated and adequate solutions 
Stated in) another 
way, if a problem is to be well formulated, and 
a good useful solution is to be found, there must 


to the problem obtained. 


be no censorship of communications between the 
problem stater and the problem solver. 

In discussing the points of this section, it is 
recognized that there may be overwhelming and 
or compelling reasons which may force the origi- 
nator of a problem to divulge only a portion of 
the real problem, or perhaps willfully to conceal 
certain pertinent: phases of the setting of the 
real problem. Where this is done, or must be 
done, it should be recognized that the adequate 
formulation and eventual solution of the problem 
may be considerably limited, or rendered more 
diffeult and devious than they should be. 

A further word with regard to communications 
in general seems in order, because of their 
Importance in problem formulation and interpre- 
tation. The information 


from X to ¥ relative to a problem whose solution 


communication — of 


is desired may be easily “jammed” by 


different things. 


many 
Some of the factors which may 
contribute to the difficulties of problem formu- 
lation the 
theory communications — in 


are precisely those which plague 


and practice ol 
difficulties classified 
the the 
mussion of the information, taking due account 
ol the 


and the 


general. These may be 


as those relating to “inputs,” trans- 


effects of ‘noise’ and “attenuation,” 
“outputs.” 

Some of the troubles experienced with the 
Phe amount 
of pertinent input information may be too much, 
What 


appears to be information may be cluttered up 
with a 


inputs have already been discussed. 
so much so that the “inputs are glutted.” 


inconsistent data 
high). 
there relevant. in- 

The the given 
information involves the proper interpretation 


mass of unrelated or 
background is 
may be little 


transmission — of 


(e.g., the ‘noise’ 


Likewise 


too 
too 
formation, 
of the inputs. This interpretation can be badly 
made owing to various. barriers to communica- 
tions such as those due to semantic difficulties, 
ignorance, prejudice, low quality information, 
and the like. 
different 
specialized 


Often the terminologies of two 
even of two highly 
branches of the protession, 


prolessions, or 


same 


involve essentially the same words and phrases, 
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vet they mean completely different things to 
different specialists. The actual act of 
mission of information commonly is accompanied 
by an attenuation—-a 
and this coupled 
information picked up— in 
(‘noise’) contributes to the “distortions” 
found in the “outputs."’ Thus, if a problem 
is to be well formulated, the characteristics and 


trans- 


and 
irrelevant 
transmission 


meaning 
with 
the 


loss. of 
accuracy 


to be 


limitations of the arts of communications should 
be thoroughly understood. 


6. USEFUL APPROACHES, FECHNIQUES, 
PHILOSOPHIES TO PROBLEM 
FORMULATION 


AND 


In earlier sections | have discussed brietly 
some of the problems of discovering what the 
problem proposer really wants, and have out- 
lined the processes by which mathematical and 
physical theories have and may be developed. 
With this background | turn to a 
discussion of some additional approaches which 
have been found useful in the formulation and 
solution ot problems. 

As has there many 
logical approaches to the principles underlying 
the formulation of a 
formula for all 
formulation 


now short 


been seen earlier, are 
There is no 
More than 


appropriate. Che pros 
should be 


problem. 
approat hes. one 
may be 
and cons: of different) approaches 
considered and weighed. 

Che problem, whether it is the one which 
should be tackled or not, is often given in one 


of the following forms: 


a) Find the solution to Pp’. 

5b) If A, what is B? 

©) Upon what does C depend ? 
d) Evaluate D. 

(e) What are the chances that & 
(/) Estimate F. 

(g) Calculate G, given /1. 

(h) Analyze situation K. 

(1) Generalize J. 


will occur ? 


In all such cases the recognition of the setting 
of the problem and its origin may be of greatest 
importance. A knowledge of the underlying 
held from which the problem comes will often 
help to point up what factors must be given 
consideration and what factors may be neglected 
or at least be given less attention. Casing 
the field may disclose the important things and 
help produce order from chaos. 


exercised with regard to semantics. 


Care must be 


What one 
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person or profession understands by particular 
words and phrases may be quite different from 
what others understand by the same things 
(e.g., public school in England means what we in 
the U.S.A. call a private school). So again, 
the problem of formulating a problem involves, 
in the abstract sense, the steps sketched above 
for the development of a physical theory or a 
mathematics. 

In arriving at a satisfactory, workable state- 
ment of a given problem one may arrive at what 
one tentatively believes is a satisfactory state- 
ment which lends itself to the search for the 
solution But it happens more often 
than not that the original statement should be 
modified. The the modification 
may arise from all sorts of causes, such as ease 


desired. 


reasons for 


of calculation, existence of a solution to a similar 
problem, the discovery of additional elements 
which should be explored (not previously sensed 


or considered relevant), the necessity for achieving 
a closer approximation of the problem to the real 
lite problem from which the original questions 
arose. When situation A is considered, a solu- 
When B 
S; may 
B are both 
and Ss 


tion to the problem posed may be. .S}. 
is considered, a solution may be So. 
or may not be Ss. When A and 
considered the solution may be S;, 


not be S; or Se, and so it may go. 


may 


As one proceeds with the search for the solu- 
tion, one asks 
whether the predictions so obtained are in line 
with the facts of the background field. Some 
results may evolve which indicate the need for 


and as results are obtained, 


a revision of the problem and a revision of the 
abstraction thereof used for the development 
of the theory and calculation. 

Once the structure of a problem has been 
formulated in such a manner that its mathe- 
matical well defined, there 
remains the problem of identifying this structure 
with existing mathematical knowledge. The 
better trained in mathematics one is, the more 


abstraction seems 


likely it is that one can use and apply his knowl- 
edge to identify the specific mathematics that 
should there 
remains the problem of applying the techniques 
of the field 


siderations 


prove to be useful. This done, 
to the calculations and other con- 
which the solution of the 
mathematical hand. From this 
then solution of the original 
problem to be followed by suitable observations, 
checks (where possible) in the original field 
in which the prime problem arose. The better 


lead to 
problem = at 


should come a 
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trained one is in mathematics, the better pre- 
pared he should be to tackle problem formula- 
tions. Likewise, the better his understanding 
of the nature of the structures of physical 
theories, the better equipped he is to undertake 
the formulation of diverse problems. 

It is usually rewarding to make a deliberate 
effort to note the essential parameters, variables, 
and those items and quantities which suffer 
no change, or little change, under changes in the 
important variables underlying the system. In 
other words, the conscious search for invariants 
furnishes a useful approach to the formulation 
and solution of a problem. The invariants 
sought for need not necessarily be numerical ; 
they can be, so to speak, qualitative as well as 
quantitative. The formulation of order among 
the quantities involved, and of classes having 
particular properties, is often very helpful. 

In’ formulating applied problems, we are often 
looking for broad perhaps “rules of 
thumb.” This that we may overlook 
some of the variations in order to make a broad 
sweep approximate solution. 
This is a particularly useful device, especially 
where the 
considerable or troublesome. 


trends, 
means 
leading to an 
“dispersion” of the given data is 

For example, one 
may have certain information relative to a given 
problem that y varies in a complicated fashion 
as a function of x; examination of the problem 
may indicate that the assumption that y is 
approximately a linear function of x, or 
other reasonably simple 
permit some progress; 


some 
function of x, may 
once a crude solution is 
obtained, a more sophisticated one may then 
be found if the problem appears to warrant the 
effort. Or, a given may involve a 
most difficult differential equation; perhaps the 
judicious neglect of some of the terms will lead 


problem 


to at least an asymptotic form of solution from 
In addi- 
the 


statistics 


which further progress can be made. 
tion, to account for the “dispersion” of 
the methods of mathematical 
may be incorporated to advantage. 


data 


One principle useful in formulating and under- 
standing a problem involves that of the attitude 
one takes towards what might be termed the 
“dynamical” approach to a problem as opposed 
to the “airbrush” point of view—that is, the 
probability, or approach. In the 
first case, the approach may be dominated by 
the deterministic approach, with either no or 
little attention to the inherent errors and un- 
the the 


statistical 


certainties of situation. In second 
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approach, the dominating attitude may be 
purely statistical with little or no appreciation 
or attempt to determine an underlying possible 
dynamical relationship. 

In some cases the first point of view may be 
useful, than 


the other; and conversely, in other cases the 


more and informative 


necessary, 
second point of view may be the more appro- 
priate and productive. My point is, one should 
examine the possibilities of the problem formu- 
lation from both angles before going too far in 
either direction. It very often happens. that 
a combination of the two approaches is the 
wisest. and most take. 
certainly large 
variety of 


productive course to 
true in the 
contemporary 
physical which 
there are so Many uncertainties with regard to 
the This 
characteristic of problems involving the measure- 
The 


subject to wide uncertainties and 


This is case of a 
problems involving 


eC onomic and phenomena in 


“inputs” to problems. situation is 
ment of physical and economic quantities. 
data MAY be 
in fact only a part of what is needed may be 
known or can be made available. Any formula- 
tion of a problem and its solution must therefore 
reflect the degree of certainties associated with 
The 


confidence that one can place on any solution 


the data which are fed into the problem. 


to a problem is therefore dependent on the 


soundness of the anchorage of the premises 
and data inputs used in the underlying problem 
formulation. 
matical 


indicate a 


The current journals on mathe- 


economics, physics, and engineering 


wealth of contemporary problems 


of this sort. Systems engineering studies furnish 
many good examples of this type of problem 


formulation. 


In certain types of studies relating to the 


effectiveness of engineering svstems .S, it) ts 
commonplace to define or select one or more 
measures J, of merit. 
measure is expressable as a probability P of the 


success of an operation, 


Suppose that one such 


P may depend on a 


large number of independent 


and premises A, of the 


parameters a 
SS. As 
are varied over 


system these 
parameters da; and premises A, 
a large set 7° of possibilities it is often importar? 
to determine the extent to which P varies. 

P can be shown to vary with a well-defined band 


of values (/, — 6, 7; + 6), where 6 is a positive 
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number, then / may be said to be essentially 
stochastically invariant under 7° with spread 6. 
In practice this concept is quite useful when 6 
fact 
for measures of merit which exhibit such proper- 
ties usually turns out to contribute much to the 
understanding and solution of the effectiveness 
problem. 


is not too large. In the conscious search 


4. CONCLUSIONS 


There is much that can be said with regard 
to the art of formulating a problem. The more 
the individual knows about the fields of applica- 
tion concerned, the better his understanding of 
the manner in which physical and mathematical 
theories have and may be constructed, the more 
likely he is to succeed in his task of 
down to the heart of the problem.” 


“getting 
The master 
at problem formulation is usually one who has 
the ability and knowledge necessary to straddle 
several fields, and to sense successfully what the 
proposer really 


wants, be it ever so poorly 


stated. 
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A MODEL AND AN HYPOTHESIS FOR LANGUAGE STRUCTURE* 


VICTOR H. YNGVE 


Department of Modern Languages and Research Laboratory of Electronics, 
Massachusetts Institute of Technology 


(Read November 13, 1959) 


One of the. outstanding characteristics of 
language is its wealth of complexity, particularly 
on the level of sentence structure. The complex- 
ity seems to be divided into two parts—a_ part 
with an obvious communicative or signaling func- 
tion, and a much larger part with little or no 
apparent function. 

As an example of obviously functional features, 
we can point 
role 
subordinating 


to systems for subordination and 
marking, like case endings, prepositions, 
conjunctions, or word order as in 
John saw Mary vs. Mary saw John. But even 
the communicative function of 


such devices is clear, it is not obvious why a 


here, although 


given language should many different 
types, particularly in view of the fact that it has 
proved to be possible to devise languages for 


use 


so) 


mathematics or symbolic logic which use only 
one uniform method of subordination and_ role 
marking in much the same way as English uses 
after to subordinate either a phrase or a clause. 

As an example of the apparently nonfunctional 
syntactic complications, there is the prevalence of 
discontinuous constituents tvpified by the 


as 
jewels or too heavy (a box) to lift. Not only do 
these complications seem to be nonfunctional, but 
they seem so anomalous that they tax our descrip 
tive methods. 
try 


In linguistic analysis we usually 


far 
tinuous constituents and only 


as as possible on the basis of con 
admit the more 


complex kind of analysis when it is forced upon 


to go 


us. 
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(Signal Corps), the U. S. Air Force (Office of Scientific 


Research, Air Research and Development 
and the U. S. Navy (Office of Naval 
The author is indebted to a number of his friends, who 


Command), 


Research ) 


read earlier versions of this paper and with whom he 
had the opportunity of discussing these matters. For 
constructive criticisms, comments, and 


suggestions, he 


vould particularly like to thank J. R. Applegate, A. N 


Chomsky, D. A. Dinneen, M. Halle, E. S. Klima, W. S 
McCulloch, G. H. Matthews, and J. Viertel. 
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mechanized 
model for sentence production is set up. On the 
of the of the and the 
assumptions underlying it, an hypothesis is ad- 


In this paper, a simple and easily 


basis behavior model, 
vanced which leads to a number of specific predic 
tions concerning the types of syntactic structures 
The structure of 
English is then examined in the light of these 
predictions, and it is shown that the predicted 


to be expected in language. 


structures account for much of the apparently 
nonfunctional complexity. 

The out of research directed 
toward the mechanical translation of languages 
An adequate translating machine must have at 


nie ide] arose 


least three parts: a part that receives the incoming 
text and analyzes it, providing an explicit repre 
sentation of its structure; a part that selects an 
appropriate structure in the other language : 
a third part that actually 
text.’ 


anc 
produces the output 
To accomplish this last task, we need a 
device that can produce grammatical sentences 
in English, assuming that there is available as 
Input an indication of just which sentences to 
preduce. Since such a device must work accord 


ing the grammatical rules of 


to english, we 
inunediately face the problem of coping ade- 


quately with the wealth of its syntactic complexity. 

A conception of language structure involving, 
in some form or other, a phrase-structure hier 
archy, or immediate constituent organization, has 
been used extensively in its. short 
the certain 
simplicity and elegance, and it provides a frame- 
work for the description of many of the significant 


features of language structure. But inasmuch as 


spite of 


comings. It has advantage of a 


1 Yneve, V. H., A framework for mechanical transla- 
tion, Wechanical Translation 4: 59-65, 1957. 

‘See, for example: Bloomfield, Leonard, Language. 
184 ff... New York, Henry Holt and Company, 1954 
Wells, Rulon S., Immediate constituents, Language 23: 
81-117, 1947. Chomsky, Noam, Syntactic structures, The 
Hague, Mouton and Co., 1957 Nida, Eugene A., -1 


synopsis of English syntax, Norman, Oklahoma, Summer 


Institute of Linguistics of the University of Oklahoma, 
1960. 
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it is a descriptive framework, it is static. As it is 
usually conceived, it is not a mechanism or model 
of sentence production. We can, however, adopt 
it as the conceptual basis for a model and try to 
deal with the shortcomings when they arise. 

Since the model will be used to make predic- 
tions about language structure, which will then 
be compared with observation, it may be possible 
later to make inferences about the validity of the 
assumptions underlying the model. For this 
reason an attempt will be made to identify and 
state explicitly the essential assumptions. 

(1) The first assumption is that a phrase 
structure or immediate constituent framework can 
be used as the 
production and 


basis for a model of 


that 


sentence 


any shortcomings can be 


overcome. 


In contrast to a 
model for 


framework, a 
sentence production is 
an essential way with the element of time 


descriptive 
involved in 
The 
sentences of a language are uttered in a_ time 
sequence one at a time, as are the words of each 
sentence. But there is no natural or grammatical 
limit to the length of a sentence. No matter how 
long a sentence is given, it is possible to construct 
a longer one by adding, fev example, a dependent 
natural limit 
to the length of a sentence, it is unreasonable to 
that formed in the 
of the speaker in their full detail before he 
to utter them. 
contrary. 


clause somewhere If there is no 


assume sentences mind 


are 
starts 
In fact, there is evidence to the 
There are many examples in’ which 
a person starts a sentence and has to stop before 
he has finished and_ start has 
not completely thought out the whole sentence. 

2) The second assumption is that the model 


(2) 
should) share with = the 


again because he 


human speaker of the 
language the property that words are produced 
one at a time in the proper time sequence; that 
is, in left-to-right order according to conventional 
English orthography 


THE MODEI 


The model consists of a grammar and a mecha 
nism. The grammar contains the 
particular language that is being produced. 


rules of the 
The 
mechanism, on the other hand, is quite general 
and will work with the grammar of any language. 
It is merely a device that applies rules and thus 
produces sentences. 


The grammar consists of a finite, unordered 


set of constituent structure rules that may be of 
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one or more of the following types: 


A 
A + C.D) 
A oD 


There may also be rules of the type 
A B 


The precise significance of the rules will become 
clear with the description of the mechanism that 
applies them. It stated, that 
the rules should determine the con- 
stituents and their order for 
in the language. 


can be however. 
immediate 
every construction 
The svmbol on the left of the 
“equation” designates the construction, and the 
svinbols on the right, separated by 
designate the 


plus signs, 
construction, 
These constituents may either be words. or they 
may be 


constituents of the 


svmbols for other constructions. 
It is now possible to amplify the first assump- 


tion—that an immediate constituent framework 


is adequate : 
We assume 


(la) that a grammar consists of 


constituent-structure rules of the 


type given 


above. 
(1b) We that an adequate 
constituent-structure rules for a language 1s finite 


assume set of 
We can thus store the grammar in a device with 
a finite memory. 

(le) We 


structure 


that the set of constituent 
This that 
attached to the 
order in which the rules are listed in the memory. 


assume 
unordered 


significance 1s 


rules 1s means 


no grammatical 


\ny order will do; an alphabetical order of listing 


g 
may be convenient. 

The mechanism gives precise meaning to the 
set of rules by providing explhictly the conventions 
for their application. The mechanism is 
trated schematically in figure 1. It is an idealized 
computer and is physically realizable. 


lus 


It consists 
There is an 


permanent 
memory 


of four cooperating parts output 


computing 
register 


temporar 
memory 


How the mechanism is organized. 
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device that prints the output symbols one at a 
time in left-to-right fashion on an output tape. 
There is a computing register capable of holding 
one symbol at a time. There is a permanent 
memory in which the grammar rules are stored, 
and there is a temporary memory, in the form of 


a tape, on which intermediate results are stored. B. 


The mechanism operates in such a manner that 


» 


assumption 2, the left-to-right order of producing IV. 


words, is satished. The details of this assump- 


YNGVE 


Look UP. 
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c. roll in the blank tape so produced, 
then 


d. go on to step Er. 


2. But if there are no symbols in the 
temporary memory, stor (end of sen- 
tence ). 

But if the symbol in’ the computing 


register is not a word, go on to step IV. 
Look up and select a grammar 


rule as follows: 


tion can be amplified as follows : A. Compare the symbol in the computing 
(2a) The rules are applied by expansion. This register with the left sides of the gram 
means that in the mechanism, the symbol for a mar rules stored in the permanent mem 
construction is expanded, i.e.. replaced by the ory, and note the rules where there is a 
symbols for the constituents of that construction, match, then, 
. . é ° ) ,eles > . > atchingo or: ‘ eS 
as indicated in the appropriate grammar rule. B. Select one of the matching grammar rule 
-" . . . . . . > > . - < ree t ‘Te 
Phe way in which this is accomplished will be Different choices will result in different 
; ‘ entences. 
given in the program below. cee : ; S 
‘ aa . ; : V. Copy. Copy the right-hand side of the se 
(2b) The left-most constituent of a construc ; ‘ 
d lected grammar rule as follows: 
tion is always expanded before the other con- . 
as k \. Delete the contents of the computing 
stituents of that construction, register. 
(2c) Constituents awaiting their turn to |e F B. lf the right-hand side of the selected 


expanded are stored in a temporary memory 


equivalent to a tape that can be rolled in’ and 
Only the 


available to be written on or to be read from and 


out, the portion closest to roll is 


erased, ( 
The program that the mechanism uses is given 
helow. 


It is evelic. The steps are carried out 


in the order indicated. Each time a complete 


evcle is executed, one word or constituent symbol 


is written out on the output tape. A construction 


may or may not be expanded during each cycle. 1) 


Insert S 
computing register. 


E START. (for Sentence) into the kor 


illustration of 


grammar rule has more than one symbol. 
unroll enough temporary memory tape to 
accommodate the symbols in’ excess of 
one, 

the the 
right-hand side of the selected grammar 


Copy (duplicate ) symbols in 
rule into the available space in the com- 
puting register and temporary tape. The 
first into. the computing 
register; the others go, in order, onto the 


goes 


symbol 


temporary tape. 


Now execute step II. 


the various steps in con 


structing a sentence, we can use any convenient 


Il. Write. Produce an output symbol as fol- | grammar that is in the proper form. Let us 
lows: take the following simple grammar : 
\. Unroll enough output tape for one \ aati 
symbol, and ; 
S a . . N boy 
B. Copy (duplicate ) the symbol that is in VP T+ 
the computing register so that it also s VPP 
appears on the output tape. T the 
[11]. CONDITIONAL SHIFT OR STOP. 1 
A. If the symbol in the computing register l” ee 
is a word, delete it, then : 
‘ | heard 
1. If there is at least one symbol in the Up Vv +NP 
temporary memory, 
a. copy the left-most one into the in which S stands for sentence, NV’ stands for 
computing register and noun, stands for verb, P stands for phrase, 
b. delete it from the temporary mem- 7° stands for article. 


ory, and then 


In figure 2 the first line shows the result of 
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step I: the symbol S has been inserted inthe 
computing register. The next line shows the 
result after steps I], IV. and V have been taken. 
(Step II] does not apply at this point.) The 
following lines show the result after step Vo in 
each succeeding cycle, and the last line shows 
the result after the mechanism has stopped = in 


step IIT. 
appears on the output tape. 


The final output sequence of symbols 


An interesting property of the output sequence 
of symbols is that it represents not only the 
terminal string (the words) but also all of the 
nodes of the and their inter 
In other words, the output sequence 


represents not only a sentence, but also its con 


tree of derivation 


connections. 


stituent structure in an explicit form. 
Polish 
notation in which every node is written followed 
unmediately by the 


This explicit 


form is the familar parenthesis-free 


subtrees under it in their 


(output tape) (register) (temporary) 


s 
s NP VP 
S NP F 
SNP T the 

S NP T the N 
S NP T the N 
S NP T the N man 
S NP T the N man VP 
S NP T the N man VP V 
S NP T the N man VP V saw 
S NP T the N man VP V saw NP 
S NP T the N man VP V saw NP T 
S NP T the N man VP V saw NP T the 
S NP T the N man VP V saw NP T the N 
S NP T the N man VP V saw NP T the N boy 


hic. 2. Steps in producing a_ sentence 


Thus the 
constituent 


order 
resents a 


natural output sequence rep- 
structure diagram or tree, 
as in figure 3. It is of course important. to 
ensure, in the parenthesis-free notation, that the 
number of branches from a node is unambiguous. 

The order of the symbols in the output sequence 
is the order in which the nodes of the tree enter 
the computing register. It from 
figure 3 that this is equivalent to expanding the 


left-hand member of every construction first, and 


can be seen 


when reaching the end of a branch, retracing to 
the next higher unexpanded right-hand member. 

Although the number of rules in the grammar 
is finite, this device has the desired property that 
it can produce any sentence of an infinite set of 
sentences. This 


comes about because certain 


Lukasiewicz, Jan, -fristotle's syil 
ford, 1957. 


mgistic, 77 ff., Ox- 


‘Lukasiewicz and 
\ussagenkalkul, Comptes Rendus des 
Soctétée des Sctences ct des 
CI Til: 31-32, 1930. 


uber den 
Séances de la 
Lettres de Varsovie 23, 


Tarski, Untersuchungen 
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S} 
NP» VP 
ae Fee 
4 Ns Vg rete 
Tha Ni3 


The, mang the12 boy 14 


represented by 


sawg 


Fic. 3 The constitucnt-structure tree 
subscripts indicate the 


enter the 


the last line in figure 2 The 


order in which the symbols 


computing 
register 
rules can be branch 


reapphed along the same 


during the production of a sentence.  Indetinitely 
long sentences can result, since there is the pos- 
sibility of “infinite loops” that 
reapplication of and 

having clauses within clauses. 


involve continual 


rules provide sentences 
Figure + shows 
the beginning of the production of such a = sen- 
tence. The rule S NP +1°P was applied at 
node 1, and it has been apphed for the | 


second 
time at node 13. 


The, girl 6 knows 


9 


hig. 4. Indefinitely long sentences can be 
when the grammar permits rules to be 


Here the rule S VP+TP has been 


produced 
re applied 


reapplied 


ADEQUACY OF THE MODE! 


If we look upon our device as a component in 
a translating machine, we are interested in asking 
whether or not the device will be adequate ; that 
is, Whether it is capable of handling any output 
sentence it may be called upon to produce. We 
are also interested in certain practical questions 
But if we look upon our 
device as a model of language production, we are 
interested in the extent to which it conforms to 
human behavior, and whether there are any pre- 
dictions from the model that can be checked 
against observations of language. 


as to its. efficiency. 


We can first try our device on a very simple 
language, the notation of algebra. 


A constituent 
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EQN 
SUM 
SUM 
PROD 
QUOT 
SUM’ 
PROD’ 
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EXPR + “=" + EXPR 
EXPR + “+” + EXPR 
EXPR + “-”" + RITE 

LEFT + RITE 

LEFT + “/” + DNOM 
“(" + PROD + *)” 


EXPR 
EXPR 
EXPR 
EXPR 
RITE 
RITE 
RITE 


SUM 
QUOT 
PROD 
LTRL 
SUM’ 
QUOT 
PROD 


LEFT 
LEFT 
LEFT 
LEFT 
DNOM 
DNOM 


SUM’ 
QUOT’ 
PROD 
LTRL 
SUM’ 
QUOT’ 


QUOT’ 


Fig. 5. 


“(@ + QUOT + “)* 


A grammar for the notation of algebra. 


factor or numerator: RITE: right 


There would be further vocabulary 


factor or 


structure grammar is well adapted to mathemat- 
ical notation. As an example, we give in 
figure 5 a grammar for the infinite set of well- 
formed algebraic equations and expressions in- 
volving addition, subtraction, multiplication, and 
division indicated by 


Parentheses will be 


inserted correctly according to the usual custom 
of inserting them only where they are absolutely 


necessary to avoid ambiguity of grouping. 

It should be -noted that this grammar of 
algebra is a linguistic description, not a mathe- 
matical It gives rules for producing well- 
formed strings of symbols but says nothing about 


one. 


their mathematical meaning. The rules for paren- 
theses, instead of being stated in terms of resolu- 
tion of ambiguity, are stated in terms of the 
kinds of nodes in the tree that are being expanded. 
It can be seen that a product is enclosed in paren- 
theses if it is a denominator; a quotient is en- 
closed in parentheses if it 1s a_left 
numerator, or 


factor, a 
a denominator; and a sum is en- 
closed if it is a factor, a subtrahend, a numerator, 
or a denominator. 

If we to write a constituent structure 
granunar for English, we run into complications 


not found in mathematical notations. 


now try 


The most 
annoying of these complications is the prevalence 
of discontinuous constituents, as in the following 
two examples. The first is the sentence /f is true 
that he went. The second is the phrase as far as 
the corner. 

In the sentence That he went ts true, we have 
a subject clause that he went and a_ predicate 
But in the sentence /t ts true that he 
went, the subject is discontinuous, consisting of 
It... that he went. So far our device is not able 
to handle the added complication of discontinuous 
constituents. One alternative is to try to force 
treatment of this case into a model 
continuous constituents. We could say 


is true. 


our with 


that the 


RITE 


The symbols are interpreted as follows. 
sum or difference: PROD: product; QUOT: quotient; ENPR: expression, term, or minuend; 
subtrahend ; 
rules of the type 


DNOM PROD’ 
DNOM LTRL 


EQN: equation; SUM: 
LEFT < Tait 
literal 


LTRL 


DNOM: 
LTR! x, 


denominator; TRL; number. 


LTRI V. ete. 


sentence /t is true that he went consists of two 
clauses, an introductory predicate clause /f ts true, 
and a subject clause that he went. Our grammar 
will now produce the desired sentence type. 

In the phrase as far as the corner, we have an 
adverb far and an adverbial expression of degree 
as... as the corner, and this adverbial expres- 
sion consists of a noun phrase the corner, and 
as ...as. It is possible to represent this con- 
struction, too, in terms of continuous constituents, 
but at the price of doing some violence to our 
intuitive concept of the structure. We could 
represent as far as the corner as three continuous 
constituents, an adverbial introducer as, an adverb 
far, and an adverbial expression as the corner. 

A possible alternative to forcing a construction 
with discontinuous constituents into the mold of 
continuous constituents Is rules of the 
form A = B + + C to appear in the gram- 
mar, and to alter the mechanism and its program 
in such a that whenever the computing 
temporary storage contain, for 
QR S T, and the rule 4 = B + 

+ C isapplied, the resultis Bo QCRST. 
In order to do this, we replace step V in the pro- 


to allow 


way 
register and 


example, 1 


gram for the mechanism by the following : 


V. Copy, Copy the right-hand side of the se 
lected grammar rule as follows: 
A. Delete the 
register. 
If the 
grammar rule contains the symbol *. 
then 
1. copy the 


contents of the computing 


right-hand side of the selected 


left-most symbol from the 
temporary memory into the computing 
register, and 

delete it from the temporary memory. 
Unroll the temporary tape 


one space and 


memory 
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a | 


copy the symbol in the computing 

register onto this new unrolled section 

of tape, then 

delete the symbol from the computing 
register. 

But if the 


not contain 


selected grammar rule does 

then 

1. If the right-hand side of the selected 
grammar rule 


symbol, — unroll 


has more than one 


enough — temporary 


memory tape to accommodate — the 
symbols in excess of one. 

Copy (duplicate) the symbols in_ the 

right-hand side of the selected grammar 

rule (but not the “. . .”) into the avail- 

able space in the computing register and 

temporary tape. 


IX. Now execute step I 
In this way we are able to take care of many 


of the english. 
For example, the sentence /f is true that he went 


discontinuous constituents in 
can be produced if the following rules are in 
cluded in the grammar, and we start with S. 


ALJ true |" 

Ci that I" went 
NP] ie. VY VV) 

VP? = he |" V2 

s VP14+ VPI 

fe NP2 +.VP2 


Is 


ADJ 


Here we note that the rule V/’1 it + 


CL 


between the 


will enclose the symbol [°?P 
word if and the symbol CL. J 
expanded to is true and CL is eventually ex 
panded to that he went, or to that it ts true that he 
went, and so on. 


l 
ge 


is eventually 


In order to produce the phrases very far and 


as far as the corner, we can use the following 


rules 

ADV 
ADT) very 

ADV 1 COMP +. 
ADV 2 = tar 
COMP 
N corner 
NP T+wN 
l the 


ADVI + ADV 2 


NP 


Ga AT. 


We have seen that assumption 1 (that an im 
mediate constituent framework can be used) is 
quite adequate as it stands for the simple nota- 
tions of mathematics, but that English contains 


certain = complications—discontinuous — constitu- 
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ents—that difficult to handle within our 
original amplifications of this assumption. We 
have proposed a method of dealing with these 


are 


complications which seems to be successful 
enough to warrant an additional amplification. 
(ld) We assume that the grammar can also 
contain rules of the form B= D+. 
that they will be interpreted by the mechanism 
in such a way that after B + C has resulted from 
the application of the rule 4 = Bb + C, the result 


of applying B = D+. . .+ E willbe D+ C+ E. 


+ E, and 


MEMORY AND DEPTH 


the 
attention to the 


shall be led 


We shall now examine the adequacy of 
model further, 
temporary 
directly to our main hypothesis. 


and turn our 


storage. From this we 

If the set of sentences that the grammar gen- 
erates is infinite, there is the possibility that an 
infinite amount. of 
required. But infinite amount 
of temporary storage is not physically realizable, 
and we suspect that the human memory, too, does 


temporary storage 


with an 


may be 


a device 


not have an infinite 
We are thus led to the final amplification of our 
assumptions : 

(2d) 
in our mechanism can store only a finite number 
of symbols. 


amount of storage capacity. 


We assume that the temporary memory 


finite 
amount of temporary storage and operating with 
a grammar consisting of a finite set of rules is a 
finite-state 


A device having a mechanism with a 


device or finite This is 
We can 
define the contents of the computing register 
together with the contents of the temporary 
the state of the device. Since the 
amount of temporary storage is finite and since 
the number of 


automaton. 
clear from the following considerations. 


storage as 
different symbols that can be 
introduced by a finite number of grammar rules 
is finite, the number of states is finite. It is also 
clear that the output symbol and = the possible 
transitions to the next state are both uniquely 
determined by the current state. Thus our con- 
stituent structure sentence generator with a finite 
temporary storage is equivalent to a_ finite-state 
device. 

The constituent structure aspect of our device 
provides a method whereby the state can be 
factored: Although the state of the device is de- 
termined by the full contents of the computing 
register and the temporary memory, it is broken 
up or factored into a number of separate symbols. 
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It is only the left-most symbol, the one in the 
computing register, that affects the choice of 
transitions to the next state. The transition is in 
that all of the 
symbols except the one in the computing register 
remain unchanged, and ‘their order relative to one 
another also remains unchanged. 


general to a nearby state; 


1s, 


It is thus pos- 
sible to take advantage of redundancies in the state 
diagram by only in the 
or neighborhoods of 
states, each group having the same internal con- 
nectivity, 


representing once 


granimar several groups 


The finite constituent structure model 


thus achieves an efficient use of the permanent 


memory, 

We that constituent structure 
grammar seemed to be adequate for algebra, but 
that we had to add certain extra facilities to cope 
with the discontinuous constituents of language. 
We then assumed that 
finite temporary memory. 


have seen a 


our device will have 
We must 


re-examine the question of adequacy. 


a 
therefore 
Any re- 
striction on the size of the temporary memory 
may have a disastrous effect on the proper opera- 
tion of a constituent structure device. What 
would happen if the mechanism tried to apply 
a rule and no more 
available ? 


Such 


temporary storage was 
situation would come 
ample, in the following case. Suppose that our 
mechanism finite memory limited to six 
symbols and that it is trying to produce the 
“sentence” (AB+C)D=E by applying the 
rules of our grammar for the notation of algebra. 
In this case, the mechanism would not be able to 
apply the last rule and expand the inner product 
because by this time the temporary memory would 
already have been filled with symbols. But if 
we suppose, instead, that our temporary memory 
is not limited to six symbols, but to some larger 


a about, for ex- 


has a 


niimber, we shall have the same problem again 


with a longer equation. It is thus clear that a 
finite constituent structure device cannot produce 
the full set of algebraic equations even though it 
can produce any equation from an infinite set of 
equations. —_ But like 
English ? 

We should 
the sentences that our phrase-structure device with 
finite produce, and 


sentences that the grammar will generate 


how about a language 


now make distinction between 


a 


a memory can actually the 
that 
is, the full set of sentences implied in the mathe- 
matical sense by the grammar. It is easy to see 


that in the case of algebra, the full set of sen- 
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tences generated by the grammar could” be 
produced by our device only under the simplify- 
ing assumption that it have an infinite memory 
Under our assumption (2d) of a finite temporary 
memory, the full (infinite) set of sentences 
generated by the grammar contains as a subset 
the (infinite) set of sentences that the mechanism 
can actually produce, and additional 


tences that the device cannot produce. 


some sen- 


We now ask three questions, 
conditions will 


what 
finite constituent-structure de 
vice fail to Operate properly because it has used 
up its temporary Is it 
sible to have a well-behaved grammar, that is, a 
grammar restricted that all the sentences 
generated can actually produced by a finite 
constituent structure device with a given tempo- 
rary memory capacity 7 


Under 
a 


storage capacity ? pos- 


so) 


he 


And is it possible that 
the grammar of English, unlike the grammar of 
algebra, is well behaved? In order to answer 
these questions we are led to investigate the rela- 
tion between output sequences and the amount 
of temporary storage needed to produce them. 
An examination of — the in 
figure 2 that the number of 
symbols stored in the temporary memory 1s two 
(in the third and fourth The maximum 
amount of temporary needed for pro- 
ducing a given output sequence can be calculated 
for any given output tree in the following way: 
First, number the branches of node 
0 to n-1l, where the of branches 
from that node. Start numbering from the right 
as in figure 6. Then, compute the depth dof 


O 


1 
O 


the branches 


example given 


shows maximum 
line ). 


storage 


each from 


is number 


i 


2 
O 


Numbering of 


0 
O 


lic. 6 from a node 

each terminal node by adding together the num 
bers written along all branches leading to that 
terminal node. This is illustrated in figure 7. 
The amount of temporary storage needed 
struct the tree is then 
that d takes in the tree. We call )) the depth of 
the It the amount of temporary 


memory needed to produce that sentence. 


to con 
diyax. the largest value 
sentence. is 

Let us now investigate what tree structures 
can be produced by a finite constituent-structure 
device. If the memory small, with a 
capacity for only three symbols, only sentences 


is Sa\ 
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with a depth no larger than three can be pro- 
duced, as in figure 8. We calla tree that branches 
off to the left as in figure & (a), a regressive 
structure because the first 
down the stem, expanding each node, and then 
moves back up and completes each branch. The 
longer a regressive structure becomes, the more 
temporary storage it requires, On _ the other 
hand, a structure branching off to the right, as 


Ss 
} j 
NP VP 
} e 
NP 


mechanism moves 


ee 


x N Vv 
1 


lo 


man saw the 


(1) (1) (1) 


LEFT RITE 
Pe 
LTRL LTRL 
yo 
( A B + 
(5) (7) (6) (5) (4) (3) (2) (1) = (0) 
Fic. 7. Calculation of the depth d of each terminal node 
ina sentence. /) = dmax. the depth of the sentence, 


is 2 for the English sentence, and 7 for the algebraic 
expression 


A MODEL FOR LANGUAGE 


STRUCTURE 


three re 
s\ mbols 


ic. 8. (a) \ regressive structure oft depth 
quiring a temporary memory for three 
(>) A progressive structure of depth one 
a temporary memory for one symbol. 
cated structure of depth three 


requiring 
(c) A compli- 


in figure & (>), a progressive structure, can be 
extended indefinitely without requiring more than 
a minimum of 


because of 


temporary storage. 
the possibility of 


It is only 
indefinitely long 
progressive structures that our device can  pro- 
duce sentence t infinite set. of 


any out of an 


sentences. 
THE HYPOTHESIS 
Although our device could work for a written 
language like algebra only under the simplifying 
assumption of an infinite temporary memory, we 
do not yet know whether it could work for a 
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spoken language like [nglish. It will be strictly 
adequate for English if it turns out that the 
grammar of English is strictly well behaved, that 
is, if the grammar of English is restricted in such 
a way that temporary memory can never become 
exhausted. But if the grammar of English is 
not strictly well behaved, the device might still 
be practically adequate if it has a temporary 
memory that is large enough to be practically 
infinite, i.e., large enough so that it would become 
exhausted only for an insignificant fraction of the 
sentences it is actually called upon to produce. 
Psychologists have measured what they call the 
human span of immediate memory. They have 
found that we can comprehend at one time, 
remember, and repeat back approximately seven 
items, approximately seven random numbers or 
random words. Miller®* has given an interesting 
discussion of this phenomenon. It seems that we 
can attend to only a few things at once. It is 
tempting to identify the temporary storage of our 
model in the case of spoken language with the 
facility that we use for immediate memory. If 
this identification is correct, the span of immedi- 
ate recall can be used to estimate an upper limit 
to the maximum possible depth of English utter- 
ances. It is an upper limit because other kinds 
f that which 
represents may go on during speech. 


besides 


of processing our 


model 

A temporary memory of seven, plus or minus 
two, is very small. We have seen that a memory 
of seven would be required for our device to 
produce the simple equation (4B +C)D=E, 
One would English sentences of this 
depth to be frequent if there is no depth limita- 
tion. 


expect 


Sut since it is possible for a speaker to 
use the language fluently, with very infrequent 
failure of the type attributable to the premature 
filling of a temporary memory, we would expect 
that there would be an easily observable effect 
of the depth limitation in the 
K:nglish. In order to test this idea, we propose 
the following hypothesis and then make a num- 
ber of specific predictions for comparison with 


grammar of 


observations of English structure. 
a) Although all languages have a grammar 
based on constituent structure, 
b) the sentenées actually used in the spoken 
language have a depth that does not exceed 
a certain number 


’ Miller, George A., Human memory 
of information, /. Rk. E 


Theory IT-2: 129-137, 


and the storage 
Transaction on Information 
1956 
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c) equal or nearly equal to the span of im- 

mediate memory (presently assumed to be 
7 +2). 

d) The grammars of all languages will include 
methods for restricting regressive construc- 
tions so that most sentences will not exceed 
this depth, 

e) and they will include alternative construc- 
tions of lesser depth that would maintain 
the power of expression of the language. 

f) For all languages, much of the grammatical 
complexity over and above the minimum 
needed for the signaling function can be 
accounted for on this basis. 

yg) When languages change, depth phenomena 
will frequently be involved, and will often 
play an important role, 

In this hypothesis, part (a) is a restatement 
of our first assumption, Part ()) follows from 
our assumption, that the constituent- 
structure tree is to be built from the top down 
and from left to right, coupled with our assump- 
tion of a finite temporary memory. The depth 
limitation will not apply to algebra, for example, 
because it is not a spoken language. The user 
has paper available for temporary storage. — If 
(b) is correct, the value of the maximum depth 
can be determined from an examination of the 
grammar and sentences of a language. In (c), 
the identity of this limit with the span of im- 
mediate recall can perhaps be tested by suitably 
devised psychological tests. Parts (d) and (¢) 
represent features that a well-behaved grammar 
might be expected to have. In order that we 
may be able to recognize the kinds of structures 
to be expected in well-behaved or almost  well- 


second 


behaved grammars, a number of detailed predic- 
Part (f) that 
depth considerations are among the most  im- 


tions will be presented. asserts 
portant factors in the grammar of any language. 
Part (g), a diachronic statement, would seem to 
follow if the previous synchronic parts of the 
hypothesis turn out to have any truth in them. 
It proposes that depth phenomena be added to 
the list of already known factors affecting 
language change. A depth factor in language 
change should be easily observable if it exists. 


WELL-BEHAVED GRAMMARS 


A constituent-structure grammar that is well 
behaved from the point of view of our model can 
he expected to contain some of the following 
structural characteristics. 





VOL. 104, NO. 5, 1960 


A. METHODS FOR LIMITING REGRESSION 


We would expect a well-behaved grammar to 
include methods for limiting regression to the 
allowed by the temporary 
It is important in languages to allow 


maximum amount 
memory, 
as much regression as possible in order to maintain 
expressive power: The greater the permissible 
depth, the more sentence structures are possible 
for sentences of any given length except short 
Two methods of restricting regression come 
to mind. 


ones. 


am 
A | 


(c) 


hic. 9 Appheation of the method of an ungrammatical 
first step to prevent The starred con- 
structions in (a) would be ungrammatical, at least 
constituents of of 


reg ress mi. 


when they are as indicated. 


1. dn Ungrammatical First Step 


Regression can be prevented if it is ungram- 
matical to reapply a rule along the same series of 
branches unless its new node of application is 
connected to the old one through extreme right 
connection, This is 


Here A 


An ungrammatical first) step would 


branches—a__ progressive 


shown in figure 9. is the rule that is 
reapplied. 
make the 


starred constructions at (a) ungram- 


matical. The reapplication of a rule at a depth 
no greater than its previous application, as at 
(>), 


different series of branches, as at (c) is also safe. 


can safely be made. Reapplications along 


Sentences unlimited in length could be expected 
to be formed on the pattern of (>). 


A MODEL FOR LANGUAGE STRUCTURE 


a 


*A” 
Application of method of restricted relabeling 
to limit 


Fic. 10 


regressi i. 


2. Restricted Relabeling 


A regressive branch can be allowed to grow 


for a certain length and then stopped if some 
method is used for automatically counting or 
keeping track of the number of regressive steps 
so that the n step can be prevented. Since our 
simple model does not include a counter attached 
to the mechanism that will give an alarm like the 
bell on a typewriter when the temporary memory 
is nearly full, this counting must be handled in 
the organization of One 
method of doing this is to have some grammatical 
feature that relabels a rule 
applied. Figure 10 shows the rule 4 applied 
three times, each time grammatically relabeled 
by adding a prime. If there were no *4’” in the 
language, a fourth step would be ungrammatical., 
and a construction of too 
depth would be ruled out. 


the grammar rules. 


each time it 1s re- 


regressive great a 


METHODS FOR CONSERVING DEPTH 


that constructions of less 
preferred over equivalent con- 


structions of greater depth. 


We would expect 
depth would be 


1. A Preference for Binary Constructions 

When a construction with three constituents 
is represented by a ternary rule, the left-most 
constituent node appears at a depth that is greater 
by two than that of the construction, If it is re- 


interpreted, however, as a binary progressive 


O O O 

(2) (1) (0) 
uv. O 
(1) (1) (1) 


Fic. 11. A progressive structure is more 
conserving of depth than a ternary structure. 


binary 
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A B Cc A B Cc 


(a) (b) 
ig. 12. Changed pattern of modification. 
structure, as in figure 11, nowhere is the depth 
increased by more than one. Two rules are 
required in the grammar, however, instead of 
one, but this is a small price to pay for the saving 
in depth because the permanent memory in which 
the grammar is stored has a much larger capacity 
than the temporary memory. We would there- 
fore expect that binary rules would predominate 
in a well-behaved grammar, perhaps even to the 
almost complete exclusion of ternary or other 
larger rules. 


Changed Pattern of Modification 


We would expect developments in a language 
whereby a sentence or a phrase with a regressive 
structure would be reinterpreted occasionally or 
habitually as a structure of lesser depth. We 
might example, that the phrase 
A B C in figure 12 (a), which originally had the 
major constituent break between AB and C, 
would be occasionally or habitually in 
changed form as in figure 12 (b), where the 
major constituent break is now between 4 and 
BC. In this way a regressive structure of depth 
two is changed into a progressive structure of 
depth one. 


expect, for 


used 


? 


3. Word Building 


We would expect compound words to be built 
up from regressive structures of separate words. 
In this way the compound word becomes a single 
node, and is entered into the permanent memory 
as a separate lexical item, and can be used as if 
it had no internal structure. 
steps involved in its 
fectively circumvented. In figure 13 compound 
words would tend to be formed from the indi- 
A, B, C, D and E. E, which is a 
post-modifier of a whole regressive phrase, would 
tend to become a depth-reducing suffix so as to 
form the compound words DE or ABCDE. This 
would be particularly likely if E belonged to a 
small class of words, where the price in additional 
lexical items would be small. 


Thus the regressive 


internal structure are ef- 


vidual words 


Similarly, 4, which 


VICTOR H. YNGVE 


PROC. AMER. PHIL. SOC. 


51 qi 
A B Cc D E AB Cc DE 


— 
ABCDE 
(a) (b) (c) 
P A B Cc D P Q R s ¥ 
(d) (e) 
ic. 13. Regressive structures leading to the building 
of compound words from the individual words 
At, BC, D, and E, tet not trom P, O, , S,-or T. 


is at the other end of a regressive structure, would 
tend to become a depth-reducing prefix, particu- 
larly if it were a member of a small class of words 
modifying B. On the other hand, 7. although 
like FE it modifies a whole phrase, would not tend 
to become a prefix because this would increase 
the vocabulary without gaining a reduction in 
depth. Similarly. 7 would not tend to become a 
suffix, although it modifies its neighbor as does «1. 


Ci METHODS FOR MAINTAINING THI 


POWER OF EXPRESSION 


We would methods to be developed 
which would allow phrases involving regression 
to be postponed to a point of application of smaller 


depth. 


expect 


1. Structure Reversal 


One way of postponing a regressive phrase is 
to transform the phrase of which it is a part so 
that the regressive phrase is placed farthest to 


the right. Figure 14 gives an example. 4 is 


a 
o 
wo 


B | c c 
(a) (b) (c) 
Fic. 14. Structure reversal can reduce depth by 


postponing a regressive phrase 





Vol 104, NO. 5, 1960 
composed of constituents B and C. When B is 
extensively modified, particularly by a regressive 
structure as at (b), A is transformed into A’, a 
structure synonymous with 4, but with a reversed 
order of constituents. B is thus moved from a 
node of depth one to a node of depth zero, On 
the other hand, if it is C that is extensively modi- 
fied, as at (a), the transformation does not take 
place. There would be a tendency for a structure 
like (>) to become ungrammatical, resulting in 
obligatory use of the transformed structure. 


Discontinuous Constituents 


When there other structural reasons for 


not moving a regressive phrase to a point of 


are 


Al e 


(4) (3) (2) G1) (8 (2) a1) (3) 


Cc 
) 


(2) (1) (0) 


(a) 


D c 


(2) (4) (3) (2) 1) (0) (1) (3) (2) (1) (0) 


(c) (d) 

Pig... TS: constituent) can 
by postponing a regressive phrase. The numbers in 
parentheses indicate node depths with respect to 1. 


discontinuous reduce depth 


lesser depth, the device of discontinuous constitu- 
it, for 
example, as in figure 15 (a), construction 4, 
made up of constituents B and C utilizes the rela- 
tive order of B and C to signal their function in 
A, the structure transformed to that at 
(>). Here B, is a special place marker inserted 
before C to preserve the order signal, and B, is 


ents can be used to postpone it effectively : 


can be 


the regressive phrase, now postponed to a point 
of lesser depth and tied to B, by some grammati- 
cal device like agreement, marking it as part of 
the discontinuous constituent B. But if PB is 
already composed of two constituents as in (c). 


A MODEL FOR LANGUAGE STRUCTURE 
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the regressive one can be postponed, leaving the 
other one to carry the word-order signal as in (d). 


A LOOK AT ENGLISH 


The following is a listing of a number of 
features of English morphology and syntax, to- 
gether with suggested interpretations in light of 
the hypothesis. It should be kept in mind that 
the structures and analyses offered are tentative. 
A complete and consistent grammar of English 
has not been worked out. 

In all the examples that have been looked at 
thus far, the constructions have either one or two 
constituents, [énglish seems to have an essentially 
binary nature, in line with the hypothesis. 

The mechanism that English uses to limit depth 
is a restricted relabeling scheme involving sen- 
tence, clause, noun phrase, primary attribute 
(adjectival), secondary attribute (adverbial), 
and tertiary attribute (adverbial). As an ex- 
ample, we can examine the sentence in figure 16. 

s 
CLs CL 
CL NP vP 


Ringe or 
vP 


SEC 
— 7. 


When very clearly projected pictures appeared, they applauded. 
(2) (5) (4) (3) (2) qi) ql) (0) 


ric. 16. 


Here we have a depth of five, counted off by the 
different types of nodes labeled S, CL, NP, PRI, 
SEC, TERT. As will be seen later, a certain 
amount of variation and expansion of this basic 
pattern is possible. Clauses may be piled up more 
than two deep. It is also possible, in certain 
cases, to go beyond the three types of attributes. 
Sut in general, the depth limitation is rather well 
imposed. 

It is well known that there is a syntactic dis- 
tinction connected with the sequence verb, noun, 
adjective, adverb, that need not parallel a semantic 
distinction, Nor is the part of speech distinction 
needed logically to maintain a hierarchial pattern 
of modification or subordination. A _ single 
method of subordination would suffice—for ex- 
ample, word order as in the Lukasiewicz nota- 


tion—but then there would be no grammatical 
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limit to the amount of subordination allowed. It 
thus obvious that these distinctions in 
English have as their purpose the provision of a 
restricted relabeling scheme. 

Sentences, phrases, and attributes can 
indefinitely in 


seenis 


clauses, 
coordinated 
( fig. 


each be progressive 


structures 17). 


MORES Ss 


Be auivcin 


MORE-S 
St 


ti 


Mary giggled , 


Bill laughed , 
(1) (2) (1) (1) (2) (1) 


John mumbled , 
(2) (1) 


and es went home 
(24) @) @) (0) 


S whenever 


(1) (1) ia 


Fi. 


The 
ture. 


following coordinations have a similar struc- 


The 
cats. 
Red, 


men, the women, the children, the dogs, and the 


white, blue, vellow, and black. 


Whereas there is a limit to the number of regres- 
sive steps in a sentence, enforced by the relabeling 
limit to the 
number of progressive steps that can be taken 
by means of coordination. The pattern can be 


extended as far as the speaker desires; certainly 


scheme, there is no grammatical 


beyond seven steps. 
Turning now to complex sentences, we observe 
the possibility of structure reversal without a 


O O O 


Bee | Bred 


The boy loves the girl 
(a 42) (8 6) 640) 


Fig. 19, 


VICTOR H. 
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subordinate 
the main 


significant change in 
clause may 
clause. 


meaning. The 
either precede or follow 


He does it whenever they ask him. 
Whenever they ask him, he does it. 


the first clause, 


subordinate 


As can be 
whether it is the 


seen from figure 18, 
main or the 
starts at a depth of one, whereas the second clause 
starts at a depth of zero. Of the two, however, 
only the progressive structure can be used with an 


indefinite number of clauses. We 


clause, 


can have 


He cried because she hit him because he called her 
names because she wouldn't give him any candy. 
but not the regressive structure: 

she wouldn't give 
names, she hit him, he 


because because 
called her 


Because 
candy, he 


him any 
cried 


If we wish to string the clauses together in the 


reverse order, we use, instead, a different sub- 


—co 
CL 


Beet 


whenever Ss S 


(2) (1) (0) 


18. 


ordinating conjunction that allows a progressive 
connection, 
called her 


She wouldn't so he 


names, 


give him any 
hit him, so he 


candy, 


so she cried. 


Looking the internal structure of a 
clause or simple sentence, we see that we do not 
have a first split into three constituents, a subject 
phrase, a verb phrase, and an object phrase, which 
might be suggested by logic (fig. 19). Neither 
do we have a split into verb, as head of the 
construction, attributes, subject and object, 
as might suggested by logic (fig. 20). 


now at 


and 
also be 


O O O 


fos | 


The boy loves 
(3) (2) (1) 


Fic. 20. 


the 
(1) 


girl 
(0) 
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O O O 


The boy 
(3) = (2) 


the 
(1) 


loves 
(1) 


Fic. 21 


girl 
(0) 


Neither do we have a split between the subject 
and verb together, and the object, as might be 
expected on the basis that there is subject-verb 
(fig. 21). But we instead, a 
split between the subject, and the verb and object 
taken together (fig. 22). 
depth of two. 


agreement have, 
This pattern gives a 
According to the hypothesis it 
would be the favored one because the others 
would give a depth of three. 

When the i 


however, 


sentence 1s put 
we do not retain the same connection 
that we had in the active (fig. 23). Instead, the 
pattern of modification is changed, re-establishing 
the subject-predicate split and retaining the ad- 
vantage of a depth of two (fig. 24). 


into the passive, 


When there are two constituents after the verb. 
it is sometimes the case that the Ortler of these 
constituents can be changed without essentially 
changing the meaning. 


He gave the child a toy. 

to the child. 
He called the girl up. 

He called up the girl. 


He gave a toy 


Sut although the resulting sentences are essen- 
tially synonymous, there is an important and fre- 
quently noted difference. If one of the constitu- 
ents is a pronoun, it is almost invariably given 
the first position near the verb, either because the 
other possibility is stylistically poor, or because 
it is actually ungrammiatical. 

He gave her a toy. (preferred?) 

He gave a toy to her. 


O O 


The boy 
(2) (1) 


loves 
(1) 


Fic. 22 


FOR LANGUAGE STRUCTURE 


The girl is 
(3) (2) (2) 


the 
(1) 


loved by 
(1) (1) 


Fic. 23. 


boy 
(0) 


He gave it to the child. 
He gave the child it. (ungrammatical ) 

He called her up. 

He called up her. (ungrammiatical ) 

If one of the constituents is a long and exten- 
sively modified clause, it 
placed in the last position. 


almost invariably 1s 
(Grammiarians like to 


speak of these clauses as “heavy” and it is noted 


that there is a tendency for heavy elements to 


come at the end. When they first, the 


construction is said to be “top heavy,” as if some 


come 


vague principle of balance were involved. 


(a) He gave the girl a box of candy he got in 
New York while visiting his parents for ten days 
around Christmas and New Year's. (preferred ) 

He gave the box of candy he got in New York 
while visiting his parents for ten days around Christ 
mas and New Year's to the girl 


(b) He gave the candy to the girl that he met in 
New York while visiting his parents for ten days 
around Christmas and New Year's. (preferred ) 

He gave the girl that he met in New York while 
visiting his parents for ten days around Christmas 
and New Year's the candy. (ungrammatical ? ) 


(c) He called up the girl that he met in New York 
while visiting his parents for ten 
Christmas and New Year's. 

He called the girl that he met in New York while 
visiting his parents for ten days around Christmas 
and New Year's up. (ungrammiatical ) 


days between 


The: girl is 
(2) (1) = (2) 


loved by 


(2) © (4) 
Fic. 24. 


the 
(1) 


boy 
(0) 
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From the point of view of our hypothesis, these 
phenomena have an easy explanation. No matter 
how the predicate construction is broken down 
into constituents, whether we ternary 
structure, a binary progressive one, a binary re- 
gressive one, or a structure with discontinuous 
constituents, the middle constituent starts at a 
depth that is one greater than that of the last 
constituent. It would be expected that devices 
would be found in the language that would ensure 
that a potentially deep expression would. start 
at the minimum depth, and therefore it would 
be last. 


have a 


The devices of placing a pronoun first 
or of postponing a modified expression would 
serve this purpose well. 

It is interesting that, when a meaning differ- 
ence is associated with the order of the constituents 
The 


“top heavy” construction that would seem to be 


following the verb, something else happens. 


inevitable is avoided by an additional syntactic 
complication, 


He saw through the matter. 
He saw the matter through. 


lf we have an extensively modified expression, 
the first of the preceding 


order. 


examples retains its 


He saw through the matter that had caused him so 
much anxiety in former years when he was employed 
as an efficiency expert by the company. 


But when the extensively modified construction 
should come first in order to maintain the mean- 
ing difference, we would have a “top heavy” 
construction : 


He saw the matter that had caused him so much 
anxiety in former years when he was employed as 
an efficiency expert by the company through. 


What is usually done, instead, is to make the 
long modified constituent into a construction with 
discontinuous constituents, retain the noun head 
in its proper position to carry the meaning dis- 
tinction, and postpone all of the rest of the 
modified construction to a favored) position of 
lesser depth. 


He saw the matter through that had caused him so 
much anxiety in former years when he was employed 
as an efficiency expert by the company. 

similar feature of 
or clause organization is the placing of an inter- 


Another somewhat sentence 


rogative pronoun in first position. In this posi- 


tion it cannot add to the depth of later elements 


in the sentence. These later elements are then 
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left at a minimum depth ready for extensive 
modification if required, 

Besides coordination, there are other progres- 
sive structures that allow indefinite expansion. 


At the clause level there are a number of types 
of object clauses. A few will be given as ex- 


amples of the pattern. 


(a) A “what object clause : 
He knows what should have been included in what 
came with what he ordered. 


(b>) A “that” object clause : 
John said that 
won the prize. 
1 know that you 
the secret. 


Sill said that Paul said that Jim had 


know that I know that you told 


(c) A “him doing” object clause : 


I imagined him listening to the announcer reporting 
Bill catching Tom stealing third base. 


(d) A “him do” object clause: 


I watched him watch Mary watch the baby feed the 
kitten. 


Although these sentences seem awkward, they 
all can be extended with no grammatical limita- 
tion. One can obtain less awkward sentences by 
combining elements from several of these types 
into one sentence. 


311 knows that Paul said that | 
watching the baby feed the kitten. 


imagined Miiry 
An object clause may itself have an object clause, 
and this may in turn have an object clause, and 
so on. 

The situation with subject clauses is different. 
A subject clause is tied to its position before or 
after the verb, to maintain the meaning difference 
signaled by word order. 


What he said is true. 
Is what he said true ? 


In either case, the node representing the whole 
subject clause appears at a depth of one. Its 
subject clause, in turn, if it has one, appears at a 
depth of two. Each additional subject) clause 
would appear at a depth of one more than does 
the clause that it is the subject of. 
without limit in this 
sentence of unlimited depth. 


Continuing 


way, we would obtain a 


That it is obvious isn't clear. 

That that it is true is obvious isn't clear. 
That that that they are 
ous isn't clear 


both isosceles is true is obvi- 
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The first of these examples is certainly gram- 
matical. The with its subject clause 
having a subject clause is very awkward, but it 
is possible to find an intonation pattern that fits 
and that can serve as a method of relabeling. It 
is difficult to find an appropriate 
pattern for the third example. 


second, 


intonation 


A further factor in the ungrammaticalness here 
may be the repetition of the word that. If this is 
a factor, it is not simply the repetition of the word, 
but of the with the 
function, for we can have: 


word same subordinating 


| believe 
true. 


that that, that that child said isn't quite 


Here again we need to use an appropriate 


intonation pattern. 

In order to preserve the expressive power ot 
the language, a progressive alternative is available 
The 


alternative consists of a postponement transforma- 


for subject clauses within subject: clauses. 


tion that leaves a dummy ff in position before the 


verb where it can carry the word order signal. 
The clause is then postponed until after the 
predicate, forming a discontinuous construction 
with the if. In this position the subject clause 
now finds itself at depth zero, the favored position 
that the object clauses had occupied, and here 


an indefinite expansion is possible. 


It isn’t clear that it is obvious. 

It isn't clear that it is obvious that it is true. 

It isn't clear that it is obvious that it is true that 
they are both isosceles. 


similar situation 


subject clause : 


There is a with ao “what” 


What it would buy in Germany was amazing. 
What what it cost in New York would buy in Ger- 
many Was amazing. 

What what what he wanted cost in New York would 
buy in Germany was amazing. 


in their very well built house 


(1) (1) (3) (2), (1) (0) 


Fic. 25 
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in their 


a). AR 


big 
(1) 


new 


(1) 


Fic. 26 


red house 


(1) (0) 


The progressive alternatives that the language 
offers are a litthe more complicated here. As a 
first step, the main subject clause can be post- 


poned by a 


discontinuous construction as 


done for the “that” clauses: 


Was 


It was amazing what what what he 


wanted cost in 
New York would buy in Germany. 


The second subject clause can be effectively post- 
poned by using instead 
passive verb: 


an object clause after a 


It was amazing what could be bought in Germany for 
what what he wanted cost in New York. 


Finally, the last subject clause can be postponed 
by making it the object of the preposition of in a 
different type of nominalization. We achieve a 
fully grammatical sentence : 


It was amazing what could be bought in Germany 
tor the cost in New York of what he 
(". . . for the cost of what he wanted in New 
is ambiguous. ) 


wanted. 


York" 


Much more could be 
of nominal 


said about the structure 
We shall, however. move 
down one rung on the relabeling ladder and _ talk 
about noun phrases and their attributes. 

The first thing to notice is that prepositions 
and determiners do not add to the depth of 
nominal expressions (fig. 25). 


clauses. 


Here we see that 
the preposition, the determiner, and the modified 
noun form a progressive structure. 
several adjectives, they 


If there are 
generally can form an 


accumulative non-coordinated pattern of modi- 


fication that is progressive in contrast to. the 
regressive relabeling scheme of noun, adjective, 
adverb, adverb (fig. 26). Here, the classes of 
adjectives are quite nebulous compared to. the 
adverb-adjective distinction, and the number of 
adjectives seems not to be grammatically, but 
semantically, limited if it is limited at all. A 
counting scheme is not needed to limit the depth. 
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man for 


(1) (1) 


Fig. 27. 


a good 


the job 


(1) (2) (1) (0) 


If the adjective is not a single word, but a 
phrase, the regular pattern is to place the adjec- 
tive before the noun in its regular position, but 
to postpone the rest of the phrase in a discon- 
tinuous construction (fig. 27). In this way, the 
noun is pushed one deeper, but the phrase that 
can be extensively modified is pushed up to the 
same level as the whole noun phrase. When lines 
cross in our diagrams, the depth of the post- 
poned node is reduced by one, and the depth of 
the other is increased by one. 

The same type of construction is used if the 
determiner involves extensive modification (fig. 
28). 

The other type of adjectival modifier is the 
It always is placed in the position 
In this posi- 


relative clause. 
of minimum depth after the noun. 
tion it is possible to have a noun in the relative 
clause further modified by a relative clause, and 
so on, indefinitely. The classic example is, of 
course : 


This is the dog, that worried the cat, that killed the 
rat, that ate the malt, that lay in the house that Jack 
built. 


But with relative clauses built on subjects, we 
have much the same problem that we had with 
We have a regressive structure, 
We cannot have: 


subject clauses. 
and it is grammatically limited. 
This is the malt that the rat that the cat that the dog 
worried killed ate. 

We shall return to this case later. Now, let us 
turn our attention to the grammatical alternative 
that the language offers: 


This is the malt, that was eaten by the rat, that was 
killed by the cat, that was worried by the dog. 


sy converting to the passive with a “by” phrase, 
an example of structure reversal, we have been 
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able to form a_ progressive structure. This 
structure reversal is very important in English. 
It provides a strong reason for the existence of 
the form of the passive alongside the active, with 
which it is perhaps synonymous. As a further 
example of the utility of structure reversal in 
english, we can take the following sentences: 


A pair of opposed fingers operate the said rocker 
lever. 

The pair of opposed fingers extend from the pitman. 
A crank stud oscillates the pitman. 

The crank stud extends eccentrically from a shaft. 
The shaft is rotatably mounted in a bracket. 

A worm gear is on the shaft. 

A worm pinion drives the worm gear. 

The motor has a drive shaft. 

The worm pinion is mounted upon the drive shaft. 


By means of various types of structure reversal, 
it is possible to transform some of these sentences 
so that all of them can be put into one sentence 
having relative clauses in a_ progressive con 
struction. We obtain the following sentence from 
a U.S. patent: 


The said rocker lever is operated by means of a pair 
of opposed fingers 

which extend from a pitman 

that is oscillated by means of a crank stud 

which extends eccentrically from a shaft 

that is rotatably mounted in a bracket 

and has a worm gear thereon 

that is driven by a worm pinion 

which is mounted upon the drive shatt 

of the motor. 


The type of structure reversal 
the preceding example is the passive construction, 
although other types are also represented. This 
admittedly extreme, but without 
structure reversal, one would have the monstrosity 


main used in 


sentence is 


shown in figure 29. 
We have already that 
can either precede or follow the main clause with- 


seen adverbial clauses 


the 
(1) 


world 


(0) 


friend in 


(1) (1) 


Fic. 28. 


the best 
(2) (2) 
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out a meaning change. It is interesting to note 
that in algebra, where structure reversal is not 
needed, we do not have: 


A OB 
Aa NUE 


with the same meaning as “B 
with the same meaning as “B 


But in English. we have: 


“4 subtracted from B” as well as “B minus 1,” 
“4 divided into B” as well as “B divided by 4.” 


and 


Of course there are other functions for the passive. 
A very important one is to provide a subject when 
it is desirable not would have 


to mention what 


heen the subject of the active: 


Yield curve data for the ground state were taken with 
a broad-range spectrograph using either. 


This allows the experimenter to remain in the 
background. But notice what happens if this 
noun phrase that has been moved to a deeper 
position up ahead of the verb is extensively modi- 
hed. A discontinuous construction is frequently 
used that moves the extensive modifiers back to 
their original position of lesser depth: 


In a recent paper measurements (were presented) of 
the etfect of alloying on the superconductive critical 
temperature of tin. 


We can now return to the regressive construc- 
tions involving relative clauses 


This is the malt that the rat ate. 

This is the malt that the rat that the cat killed ate. 
This is the malt that the rat that the cat that the dog 
worried killed ate. 


Ikach example is worse than the one before. This 
is the same phenomenon that we saw in the case 
of the subject clauses. The grammaticalness or 
lack of it for these examples seems to hinge on 
the pattern of pitch, stress, juncture, and speed. 
Pike® has noted that by using the proper pat 


terns, we can distinguish in speech between 


"“4—(B+O)" and “(4—B)4+C," 
“4—[B+(CxXD)]" and 
and “|4d—(B+C)] Dp 


and between 


“4—(|(B+C) x D]’ 


but there is a definite limit to how far we can 
go. The usage in reading mathematics is proba- 
bly merely the restrictive relabeling carried over 
from Tnglish, where it is used for marking in- 
serted clauses and the like. 


6 Pike, K. L., The intonation of American English, 
University of Michigan Press, 1945 
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A pair of opposed fingers operate the said rocker arm. 
that extend from a pitman 


rose OO 
which a crank stud oscillates 


— LL Tah Sté‘S 
that extends eccentrically from a shaft 


which is rotatably mounted in a bracket 


and which a worm gear is on 


Se 


that a worm pinion drives 


“which is mounted upon the drive shaft * 


SSCS * 
that the motor has 


iG. 29 


turn around 
turn around, 
turn around. 
turn around, 


The children, that I see, 
Phe children, that I see 
The children that I see, 
The children that I see 


In these examples, sentence vs. noun phrase, and 
restrictive 7s. 
marked. 


nonrestrictive relative clause, are 


(clause ) 
(sentence ) 


That he said it isn’t true, 
That he said it, isn’t true. 
That it is clear, 1s true. 
That, . that it is clear, is true,, is amazing. 
That what is clear is true, is amazing. 


The process of relabeling, provided by patterns 
of pitch, stress, juncture, and speed, is aided 


considerably if the clauses are maximally differ 
ent in form rather than all nearly the same as in 


the house that Jack built examples. The more 
plausible examples of regressive clause construc- 
tions seem to involve this further difference that 
can serve as auxiliary relabeling : 
Phat what the poem the woman he 
imphes, is obscure, is obvious. 


knows wrote 


It is difficult to determine what the 
limit is for regressive clause constructions 


actual 

It is 
probably three or four clauses, making two or 
three steps down. have three 
down and still not go over a depth of seven if 
the clauses themselves did not involve deep noun 
phrases, 


One could steps 


Ienglish seems to take an ambivalent 
position on the amount of regression taken with 
clauses. In the first place. there is an advantage 
in expressive power in allowing as much clause 
regression as possible, but with each additional 
step down there is additional danger that a noun 
phrase in one of the clauses will go over the 
depth limit. The following sentence has a depth 
of eight : 

If what going to a clearly not very adequately staffed 
school really means ts little appreciated, we should be 
concerned. 
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tall 
(2) 


as 


(3) 


circus 


(1) 


as a 
(1) (1) 


Fic. 30. 


giant 
(0) 


It is very difhcult to find sentences of this or 
greater depth that would be plausible as casual 
utterances, or would be immediately understand- 
able to the hearer. But the sentence above can 
be rephrased so that it has a depth of two or 
three and a “length” of about eighteen progressive 
steps. 

We should be concerned if there is little appreciation 
of what it really means to go to a school that clearly 
isn't very adequately staffed. 


We can now go down to the lower steps in the 
scheme—the secondary and _ tertiary 
modifiers or adverbs. We find again, as we did 
with the adjectives, that an extensively modified 


relabeling 


as good a young man for the job as you will ever find 
(3) (4) (4) (4) (3) (3) (3) (2) (2) (42) () (1) (0) 


a = 


young man for the job as you will ever find 


as gooda 
(2) (2) (2) (1) (1) (2) (1) (1) (0) 


(3) (3) (3) (3) 
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very 


(3) 


color 


(0) 


not 


(4) 


a 


(1) 


certainly 
(5) 


clearly defined 
(2) (1) 


Fic. 32. 


expression leads to some evasive tactic that causes 
the extended modifier to bob up to a lesser depth, 
usually up to the original depth of the noun 


phrase itself. 

A very tall man 

A taller man 

(A) taller (man) than a circus giant (discontinuous ) 
or 

A man taller than a circus giant (structure reversal ) 
but not 

A taller than a circus giant man 


Also we have: 


good job 

good enough job 

A job good enough to pass inspection 
reversal ) 


A 
A 


(structure 


or 


(A) 


continuous ) 


good enough (job) to pass inspection (dis 


but not 


A good enough to pass inspection job 


Structures get rather complicated down here 
at the adverb level as the language strives to keep 


itself above water (fig. 30). Then we have: 


a very tall young man 
a young man as tall as a circus giant 
as tall a young man as a circus giant 


defined 
(1) 


not a 


qi) (1) 


certainly 
(2) 


very 


(3) 


FG. 


color 


(0) 


clearly 
(2) 


33 
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the king of England ‘s youngest 


Fig. 34. 


but, of course, not 
an as tall as a cireus giant young man 
In the sentence 


He is as good a young man for the job as you will 
ever. find. 


we have a number of complications for conserving 
depth—so many that it is quite difficult to be 
sure of the proper analysis. The constituent 
structures shown in figure 31 can be produced 
by the mechanism. 

We have seen that the determiner forms one 
constituent, with the rest of the noun phrase 
forming another (fig. 32). 

There is a strong tendency for the deepest 
modifiers from the structure to be 
moved over so that they will modify the whole 


regressive 


noun phrase, even if the meaning is_ thereby 
Here they find 
at a lesser depth (fig. 33). 


somewhat changed. themselves 
The determiner may sometimes be a possessive 
(fig. 34). 
Besides the 
role of the ‘ys, 
affixed to a word and to a phrase, there is an- 
other difficulty. 


about the 
which seems to be at the same time 


well-known problem 


The structure might be regres- 


sive (fig. 35). If the analysis is correct, the 


structure has a depth of nine. 


his mother ’s brother ’s son 's daughter 's hat 


Fic. 35. 
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his mother’s brother's son’s daughter’s 


Kc. 36. 


lf we consider the ‘s as part of the word, so 
that the whole unit is brought out from a perma- 
nent memory formed, the depth is re- 
duced to 36). According to. this 


where 


already 
five (fig. 
conception, we should also have figure 37, 
we have set up a relabeled noun phrase, VP's 
which can then function as a determiner. There 
is a saving in depth of one unit. 

In the mother’s 
daughter's hat, we 


brother's son's 
have the more convenient if 
not as explicit his uncle's granddaughters hat. 
We would run to a depth of eight if we had 
John’s father’s father’s father’s father’s father’s 


England. A\- 


though there is no grammatical limit to such a 


case of sits 


father's father came over from 


string, and in this respect the grammar of lenglish 


is not well behaved, it is difficult to conceive of 
a person uttering such a sentence without resort- 
ing to some auxiliary device, like counting on 
his fingers, or breaking up the string into groups 
of three by intonation patterns. 
have compound father’s- 
father’s-father’s — father’s-father's-father’s — father. 
If this is true, the whole sentence would have a 
depth of four. 

The 


wide a use as the of genitive. 


In this case we 


may words: John's 


‘'s genitive in English does not have as 
Perhaps the more 
extensive use of the of genitive in [English is a 
result of its progressive nature. 

The fact that the 
english differ, the one that occurs in final position 


two genitive markers in 
being a suffix, and the one that occurs in initial 


position being a separate word is predicted by the 


king of England’s youngest daughter 


Fic. 37. 
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hypothesis. A somewhat similar situation holds 


for pairs like: 


to swim 
to construct 


swimming 
construction 


In fact, English has a large class of suffixes like 
-tion, -ment, -ize, -en, -ness and so on, that have 
as their function the changing of verbs to nouns, 
nouns to adjectives, etc., and a number of par- 
ticles that are words, not prefixes, with the 
analogous function of converting nouns to noun 
phrases, noun phrases to prepositional phrases, 
sentences to clauses and the like. Derivational 
particles that occur initially will not add to the 
depth, but those that occur finally will, unless 
they disappear as part of a word. 
from the following. 


This is clear 
We have figure 38 


very clearly projected 


Fic. 38. 


pictures 


and not figure 39 


very clear ly project ed picture s 


Fic. 39. 


even though the s might be thought of as making 
the whole noun phrase plural, the ed as making 
the verb very clearly project into a participle, the 
ly as making the adjective very clear into an 
adverbial. 


As regards prefixes, English follows the pre- 
dictions of the hypothesis in the few really pro- 
ductive prefixes that. it 
like : 


has. We have pairs 


renegotiate : 
reconstruct: 
co-occur > 


negotiate again 
construct again 
occur together 


One advantage of word building in a language 
is that morphemes can be put together in a 


YNGVE (PROC. AMER. PHIL. SOC. 
productive way to express new things if this is 
done at a fairly small depth. Then, if the concept 
is referred to frequently, it can be put into the 
permanent memory as a separate word ready to 
be brought out and used with a minimum depth 
requirement. 


SUMMARY AND CONCLUSION 


A model of sentence production that can easily 
be mechanized has been set up. On the basis of the 
model and certain simple assumptions relating to 
the order in which the constituents of the sen- 
tence are expanded, and on the basis of an 
assumption that the temporary memory of the 
device is limited, an hypothesis of a depth limi- 
tation in proposed. — This 
hypothesis leads to a number of specific predic- 
tions about the types of syntactic structures to be 
found in languages. 

A cursory 


language has been 


examination of the structure of 
English discloses that, indeed, much of the com- 
plexity of its syntax can be explained on the 
basis of the hypothesis. The following idio- 
synerasies of English structure can be easily 
understood in the light of the hypothesis: the 
hierarchy of sentence, clause, noun phrase, adjec- 
tive, and adverb; the different behavior of subject 
and object clauses; the phrase structure of the 
active and the passive with a by phrase; the 
reversal of order of direct and indirect object; 
the shifting of the position of the separable verb 
particle; the function of the anticipatory if; the 
first position of the interrogative pronoun; the 
position of adjectives before the noun and relative 
clauses after the noun; the discontinuous nature 
of adjectival and adverbial phrases; the position 
of certain adverbs before the article; the fact 
that when the genitive marker follows its noun 
phrase, it is an affix (‘s), and when it precedes, 
it is a separate word (of); and that derivational 
affixes are suffixes, and prepositions, articles, and 
conjunctions are separate words. 

From the point of view advanced here, the 
grammar of English seems to be very nearly well 
behaved. It appears that the syntax of English 
is not an endless catalogue of whimsical compli- 
cations, although there are some relics of the past. 
Neither does English appear to be an abstract 
formal system, on a par with certain elegant 
mathematical notations. Instead, it is a particu- 
larly well-engineered instrument of communica- 
tion, with many ingenious innovations to adapt 
it to the capabilities of its users and to circumvent 
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as much as possible the limitations of the human 
memory. 

It remains to be seen how well the hypothesis 
applies to other languages. Of other 
languages are not the same as English: They 
will not have the same features as those that we 


course 


could explain in English on the basis of the hy- 
pothesis. They may even have just the opposite 
features to some of those explained in English, 
postpositions instead of prepositions for example. 
Sut it is the over-all structure of the syntax of 
the language that should be judged in the light of 
the hypothesis, since it is usually the cooperation 
of a number of features that keeps any given 
sentence from becoming too deep. All languages 
should have the “left-to-right” asymmetry that 
is predicted. This means that there could not be 
a language that has the same structure as another 
in all respects except that its structures go from 
right to left instead of from left to right. Such 
a language would be unworkable because depth 
would not be limited, 

If the hypothesis turns out to be essentially 
true, we would have the following picture of 


language production. Human speech is pro- 
duced by a finite-state device and by an essentially 
left-to-right process. There exists a temporary 
or working memory that can contain about seven 
items. This is used to make possible a factoring 
of the state, which results in great economies in 
the use of the permanent memory. This factoring 
of the state is represented in our model by a con- 
stituent structure organization of the grammar. 
The actual process of sentence production corre- 
sponds in our model to applying rules by suc- 
This 
process of applying constituent structure rules, 
if unrestrained, would lead to sentences requiring 
than the available temporary memory 
On this gramunars contain 
various restrictions and devices like postponement 
transformations to render them effectively well- 
behaved. Thus the grammar is brought back 
within the capabilities of the finite-state device. 
We cannot conclude that the particular organiza- 
tion of the temporary memory in our model—last 


cessive expansion from the top down, 


more 


capacity. account, 


item in, first item out—necessarily has any basis 
in the structure of the brain, for this organization 
is the result of the particular way in which we 
have represented the grammar in terms of con- 
stituent-structure rules. In fact, even our model 
modifies the “last in—first out’ rule in order to 


handle discontinuous constituents. There is good 
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evidence in the structure of English, however, 
that the temporary memory can hold not many 
more than seven items, and there is also good 
evidence that the speaker is not ordinarily aware 
of the number of units he has 
temporary memory at any one time: The gram- 


stored in his 


mar does this counting for him. 

The current state of the hypothesis, after a brief 
and preliminary examination — of 
English, is as follows. Part (a) stated the as- 
sumption that languages have a grammar based 
on constituent structure. We have found nothing 
in English that would cast doubt on this assump- 
tion if the concept of constituent structure in- 
cludes the possibility of discontinuous constituents. 
Part (>) stated that the sentences that occur in 
a language do not exceed a certain depth. Evi- 
dence has been presented that tends to substanti- 


necessarily 


ate this assumption in the case of English. It 
appears that the maximum depth of naturally 
occurring English sentences is in the vicinity of 
seven or not far above seven. A better determina- 
tion of the exact upper limit will require a more 
extended study of English syntax. Part (c), that 
the depth is equal or neariy equal to the span of 
immediate memory also seems to be substantiated 
for English. It is not known, however, whether 
the memory involved in sentence production is 
the same memory that is involved in the psycho- 
logical tests of the span of immediate memory. 
This psychological question is yet to be investi- 
gated. Parts (d), (e), and (f), which state that 
all languages have devices to limit depth, devices 
to circumvent this limitation, that these 
represent much of the syntactic com- 
plexity of language, seem to hold for English. 

Part (gy), which states that depth phenomena 
play an = important language change, 
cannot be examined until we have grammars or 
appropriate grammatical sketches representing 
different periods in the history of a language. 
The results of the synchronic study of English, 
however, have already revealed a point that may 
We have 
noticed that stylistic factors frequently seemed 
to be involved when deep structures were not 
actually ungrammatical. 


and 
devices 


role in 


be of significance for language change. 


An example of this was 
found in certain of the sentences involving a direct 
and an indirect object. Since stylistic preferences 
generally seemed to favor sentences of lesser 
depth, it is probable that much of our feeling of 
either 
When it is 


awkwardness in sentences is associated 


directly or indirectly with depth. 
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associated directly with depth, the deeper version 
of a sentence is more awkward. Our feeling of 
awkwardness is sometimes also connected with a 
particular syntactic feature like repetition of a 
word or construction. 
come about. It 
arguments 
There 


It is clear how this could 
could be connected with 
about an ungrammatical first 
would thus be a structural reason con- 
nected to depth for our feeling that repetition is 
generally to be avoided. 


our 
step. 


This feeling would then 
apply in all cases of repetition, and would account 
for the fact that although repeated object clauses 
involving repetition of the same kind of object 
clause construction, for example, seem stylistically 
poor but grammatical, they are much more ac- 
ceptable if they involve the cascading of different 
kinds of object clauses. When feelings of stylistic 


elegance or awkwardness are associated with 


alternative constructions that are nearly synony- 


mous, we have the essence of a mechanism for 
language change that might operate in the fol- 
lowing way. 


H. YNGVE 
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Whenever speakers embark on grammatical 
sentences that exceed the depth limit, they be- 
come trapped and have to stop and start over. 
If this becomes a frequent occurrence, speakers 
will try to avoid the constructions that got them 
into trouble. Many of these constructions are 
useful in other, less troublesome, sentences, so in 
general they will not be given up. However. in 
time, alternative structures develop. At first 
there is a feeling of stylistic melegance for the 
deep structures and a preference for the others. 
Sut gradually the grammar of the language will 
change in such a way that the stylistically poor 
constructions ungrammatical, and the 
alternatives become the rule. Depending upon 
the circumstances under which this happens, we 
will have an agglutinative force, a force for change 
in word order, a force for reinterpreting a con- 
struction with a new constituent 


become 


structure, and 
These forces are very specific in that 
they operate only under certain particular circum- 
stances in which depth is involved. 


sO. On. 





CONCERNING THE NATURE OF PERCEPTION* 


HADLEY CANTRIL 


Chairman and Senior Counsellor, Institute for International Social Research, Princeton 


( Read April 21, 1960) 


In one of the Socratic dialogues Benjamin 
Franklin wrote in 1730 he pointed out that “As 
the happiness or real good of man consists in 
right action, and right action cannot be produced 
without right opinion, it behoves us, above all 
things in this world, to take care that our opinions 
of things be according to the nature of things.” ' 
In a sense, Franklin posed the central question 
psychologists have been dealing with in_ their 
studies of perception over the years: how do we 
perceptions — that faithfully 
enough to what is perceived to enable us to act 


acquire correspond 
effectively as we carry out our various purposes ? 

As we try to understand the process of percep- 
tion which is involved in one way or another in 
all human experience, it may be helpful if we 
differentiate at different 
human experience in order to be quite clear at the 


least four varieties of 
outset of the wide gap between naive experience 
and the conceptual abstractions we create to ac- 
count for that experience. 


EXPERIENCE AS REFLECTED IN 
NAIVE EXPERIENCE 


ON-GOING, 


This is the level of immediate, “pure” experience 
as experience—unanalyzed, unconceptualized, un- 
mediated, almost inetfable, and with no concern 
the individual to 
describe, analyze, conceptualize, or communicate 


what is going on in his mind. 


on part of the experiencing 
This on-going, 
naive experience is what Korzybski called “first 
order” or “un-speakable” experience. 

As has frequently been pointed out, any at- 
tempt to describe or analyze experience immedi- 
ately alters that experience. When we are trying 
to deseribe or analyze mind or any aspect of it, 
functionally organized quite differently 
from when we are participating in the process of 


we -2Fre 


living and not describing or analyzing it. 


this discussion 


transactional 


*Some parts of taken from a 
chapter, “A inquiry concerning mind,” 
prepared for a symposium edited by J. M. Scher and to 


the title Definition of 


are 


be published under “Toward a 
Mind.” 
1 Van Doren 


Viking, 1938. 


York, 


Carl, Benjamin Franklin, 87, New 
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EXPERIENCE AS DESCRIBED 


Verbalization and communication, either retro- 
spectively or simultaneously with the occurrence 
of some activity, may be distinguished method- 
ologically from naive experience because of a 
special form of awareness required to select as 
pects of the variety of mental processes involved. 
Some are 
operating in the process of dealing consciously or 
verbally with any selected phase of the mind's 
activity. It is as if with any such 
shifted from the full orchestration 
of the whole to the role of a particular instrument 
in the orchestra. 


Aldous Huxley : 


focusing, categorization, and coding 


focusing, 
awareness 1s 


The point was nicely stated by 


What a gulf between impression and expression! 
That's our ironic fate—to have Shakespearean feel 
ings and (unless by some billion-to-one chance we 
happen to be Shakespeare) to talk about them like 
automobile salesmen or teen-agers or pro 
fessors. We practice alchemy in reverse—touch gold 
and it turns into lead; touch the pure lyrics of ex- 
perience, and they turn into the verbal equivalents 
of tripe and hogwash.* 


college 


It is important for a psychologist using de- 
scriptive material of any kind never to lose sight of 
the fact that reports of mental activity are not 
to be equated with the mental activity itself. Yet 
such protocol data still provide the psychologist 
with some of his most valuable raw material while 
some of the most penetrating descriptions of ex- 
perience have been given us by poets, novelists, 
composers and religious prophets. 


EXPERIENCE AS ANALYZED 
CONCEPTUALIZED 


AND 


Instead of focusing on a selected phenomenon 


“going on in our minds” as we must if we are 
trving to describe, we may in the midst of some 
occasion of living try to “figure out” analytically 
and conceptually what is going on. We of course 
do so for some purpose: perhaps we are trying 


to work through some personal problem, perhaps 


genius and the 


* Huxley, Aldous, The goddess, 47, 
Y 


ve 
New York, Harper, 1955 
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we are delving into our mental processes in the 
hope of discovering hunches or clues that will 
provide us with some hypothesis. Whatever the 
reason, analysis of any occurrence is a very dif- 
ferent operational state of affairs from on-going 
purposive behavior itself or from a focus on some 
aspect of it. It is perhaps what the poet Words- 
worth had in mind when he said, “we murder 
to dissect.” 


EXPERIENCE AS ABSTRACTED 
SPECIFICATION 


FOR 


Any attempt to understand experience is ulti- 
mately an attempt to distinguish components, to 
choose those by means of which we may be able 
to interpret the significance of any functional 
aspect of behavior, and to describe the variables 
on which the singularity of any experiences de- 
pend. If the abstracting we make can be ef- 
fectively related to our presuppositions, then we 
shall have an instrument to render communication 
more accurate and to enable others to understand 
the abstractions without reference to any particular 
item of behavior that might illustrate it. 

Such abstractions are not affected by individual 
behavior and are not altered when conceptualized 
from the point of view of different persons. If 
they were so affected or altered, they would prove 
useless; it is their static quality that gives them 
the utility they have in understanding the sig- 
This 
does not mean, of course, that such abstractions 
never change. They are, on the one hand, con- 
stantly evolving and being modified by scientists 
and philosophers themselves to increase their use- 
fulness. Any creative individual must test his 
abstractions by their performance and not by their 


nificance of concrete behavioral situations. 


consistency, realizing that any abstraction is highly 
tentative. All that we mean by the “static 
quality” of an abstraction is that an abstraction 
would be operationally useless if its significance 
were not somehow “fixed.” 

It should be emphasized again that when we are 
dealing with this fourth level of complexity which 
makes scientific and philosophical communication 
possible, we are necessarily violating phenomenal 
data. A full awareness of this fact and of some of 
the omissions involved in operating in this area 
may give us some perspective to increase the 
usefulness of our abstractions. 

Much as we might like to do so, we can never 
somehow isolate experience or reduce it to a 
It strikes us as 
nonsensical even to think of such a thing for the 


“pure” state for investigation. 
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simple reason that the processes of mentation 
can only be studied as part of the situation in 
which they operate and except for which they 
would not be what they are. There seems to be 
an increasing agreement among psychologists that 
perceiving can no longer be thought of in any 
sense as “mind reacting to” or being “acted on.” 
Mounting evidence from a wide variety of ex- 
periments, demonstrations, and field investigations 
supports the view that mind may be appropriately 
described as a “transactional” process. The 
concept “transaction”’ was used over a decade ago 
by Dewey and Bentley to differentiate the proc- 
esses involved in “knowing” from views based on 
interaction or self-action which have affected so 
much of psychological theory. While the word 
“transaction” is hardly inclusive and dynamic 
enough to encompass the novel and creative aspects 
that emerge in so many “transactions” of living, 
it serves as a useful concept in helping us avoid 
misleading bifurcations that all too easily inject 
themselves not only into everyday common sense 
accounting but into psychological explanation. 
Such a term keeps us more aware that there can 
be no “knowing” without “doing,” just as there 
can be no “person” except for an “environment,” 
nothing “personal” except for what is “social.” 

An essential feature of experience is the external 
orientation, the “objectivization,”” of some aspects 
of experience. We attribute parts of our own 
experience to events external to ourselves and in 
whose independent existence we firmly believe. 
We experience the things we see and hear and 
taste and touch as existing apart from our minds, 
outside of ourselves, and as possessing in them- 
selves the characteristics we find in them. 


The view that something in some sense goes 
“into” the organism has persisted from the time of 
the Greeks who spoke of the objects emitting small 
replicas of themselves which were received by the 
perceiver, right up to much present-day psy- 
chology, with its interest in “stimulus determina- 


tion” of perception. This belief is strong in all of 
us and it must be strong if we are to be able to 


act at all effectively. But the great danger of 


such a belief when inquiring into the nature of 
mind is because it gives us the answer to our 
For if the 
objects of perception exist in their own right as 
perceived, then all we have to do is to fit the 
The 
error of this naive view is nicely expressed by 


Whitehead, 


problem in advance of our inquiry. 


perception to an already existing object. 


whose comment referring to the 
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physical sciences applies even more forcibly to the’ 
world as perceived: “We must not slip into the 
fallacy of assuming that we are comparing a given 
world with given perceptions of it. The physical 
world is in some sense of the term, a deduced 
concept.” * 

More recently the same point has been made by 
two other distinguished British scientist-philos- 
ophers. J. V. Young, the biologist, writes: “The 
form we give to this world is a construct of our 
brains, using such observations as they have been 
able to make. Only in that sense does it exist.” 4 
And Sir Russell Brain, the neurologist, says : “The 
scientific account of perception, however, teaches 
us that the objects which we perceive outside 
our brains are not as independent of us as they 
appear to be: they have qualities which are gen- 
erated by our brains and which have no other 
existence.” 

When we perceive, we externalize certain aspects 
of our experience and thereby create for ourselves 
our own world of things and people, of sights and 
sounds, of tastes and touches. “The act of per- 
ceiving itself so implies the act of considering-it- 
real that the latter can be called an attribute of the 
act of perceiving.” "° The problem then, as_re- 
phrased, is the problem of what is done by the 
organism. To certain 
aspects of experience Is by no means to answer 


say that we externalize 


. . - . 
this question but yierel¥ to point out one char- 


acteristic of the pirocess 


sridgman writes that 


in seeking the precision demanded by scientific use 
we have thus been led to discard the common sense 
method of handling our environment in terms of 
objects with properties, and have substituted for it 
a point of view that regards a reduction to activities 
or operations as a safer and better method of anal- 
ysis... . What we are in effect doing in thus pre- 
ferring the operational attack is to say what we do 
in meeting new physical situations has a_ greater 
stability than the situations themselves and that we 
can go further without revising our operations than 
we can without revising our picture of the properties 
of objects. Or, expressed somewhat differently, our 
methods of handling the external world have greater 
stability than the external world itself.“ 


‘Whitehead, A. N., The atms of education, 166, 
York, Mentor Books, 1949. 
‘Young, J. Z.. Doubt and certainty in 
London, Oxford Press, 1951. 
grain, W. Russell, The 
london, Oxford Press, 1959. 
®Shilder, Paul, Medical psychology 
David Rapaport), 40, New York, 
versities Press, 1953. 
7 Bridgman, P. \ 
Synthese 8: 2 


New 
science, 107, 
nature of experience, 35, 


(translated by 
International Uni- 


The operational aspect of meaning, 
1950-1951. 


N., 
es 
a4 
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Without taking any metaphysical position §re- 
garding the existence of a real world, independent 
of experience, we can nevertheless assert that the 
world—as experienced—has no meaning and can- 
not be defined independent of the experience. The 
world as we experience it is the product of 
perception, not the cause of it. The study of 
perception just as the study of mind must take the 
active perceiving individual as its proper point of 
departure. 


LEARNING SIGNIFICANCES 


The business of making sense out of what goes 
on around us involves the fashioning of an environ- 
ment for ourselves within which we can carry out 
the process of living. A “happening” thus be- 
comes an “event” for us only when we assign it 
And the mean- 
the impingements constantly 
bombarding us through our sense organs have 
significance and the particular significance they do 
because of the potential purposive behavior they 
serve. “Naked sense impressions simply do not 
occur, and the traditional analysis of our conscious 


some iniportance or consequence. 
ings taken on by 


experience into naked sensations as building blocks 
is palpably bad description.” * 

Just what the significance of any impingement 
will become, if any significance is attached at all, 
depends on the way we learn to utilize it in the 
course of our experience from infancy onward. It 
is only through experience that the “environment” 
or the around ditfer- 
entiated into parts as we learn some of the poten- 


“thereness” us becomes 
tial significances of the infinite variety of aspects 
the environment around for “we. GH, 
Lewes observed in 1879 that “the new object pre- 
sented to sense, or the new idea present to thought, 
must also be soluble in old experiences, be recog- 


us has 


nized as like these, otherwise it will be unperceived, 
uncomprehended.” 

A major function of perceiving, then, is to 
and sort the consequences of its own 
activity and its own participation so that patterns 
of interpretations or assumptions are created and 
organized to serve as reliable guides for action, 
bringing the satisfactions an individual seeks. 


process 


These assumptions begin to bring some order 
into disorder by enabling us to predict what will 
happen in a given situation if we act in a particular 
way or possibly if we do not act at all. In this 
process we are trying to improve both the range 


sridgman, P. W.. The task before us, 
lead. Arts and Sciences 83: 98, 1954. 
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and the degree of correspondence between the 
meanings and significances we attribute to situa- 
tions and the meanings and significances these 
situations turn out to have for us as we experience 
the consequences of our action in striving to ac- 
complish our particular purposes. Our actions, 
of course, will be effective only in so far as the 
predictions derived from our perceptions corre- 
spond to what we actually experience when we 
do act. 

It should be emphasized that the degreé, of 
correspondence is inevitably to be judged from the 
point of view of the participant, from his own 
unique behavioral center in any occasion of living, 
and not from the point of view of an outside 
observer. The word “center” is used here in 
the dictionary sense of “the point toward which 
any force, or influence takes it origin; as a storm 
center.” A major contribution a psychologist can 
make to an understanding of mind is to increase 
his knowledge of the process by means of which 
the degree of correspondence between the sig- 
nificances which we externalize and those which 
we encounter is achieved. We should perhaps 
note in passing that the word “correspondence” is 
not used here in the sense of identity between ex- 
perience and some outside “reality” but as cor- 
respondence between two kinds of experience. 
Once some aspect of the environment acquires a 
potential significance of a high order of reliability, 
then a person can and does think of it as existing 
apart from himself just as he can and does think 
of the purposes and values of other people as 
existing apart from himself. According to our 
view, all aspects of the environment, whether they 
are physical or social, exist for us only in so far 
asMthey are related to our purposes. If you leave 
out human significance, you leave out all constancy, 
all repeatability, all form. 

VARIETIES OF 


SIGNIFICANCES LEARNED 


As we try to accommodate our needs and 


resolve our urges, we learn through our experi- 
ence what significances are related to each other 


to characteristics of 
we are a part. 


and the situation of which 
As ‘experience accumulates, we 
learn which relationships have high probabilities 
of occurrence and which only low probabilities of 
repeating themselves. The mind weights these 
probabilities in terms of their relevance to the 
purposes of the experiencing individual as these 
are involved in the unique situation encountered. 
Just how a person experiences new occasions will, 
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then, in the long run be determined by the as- 
sumptive complex he brings to that occasion. 

The process of acquiring assumptions to in- 
crease the effectiveness of behavior is guided and 
channelled by cultural norms. Our perceptions, 
as we externalize them, are fashioned much more 
than most of us ever realize by the diverse forms 
of our particular cultural and subcultural groups. 
We might almost define culture as the common 
pattern of learned significances. Modern cultural 
anthropologists describe experience as “something 
man projects upon the outside world as he gains 
it in his culturally determined form.” 

Our own awareness of what goes on in our 
mings “as our assumptions are triggered into 
operation ‘by the relevance a situation potentially 
has\\ to. our may be a very limited 
awareness. At other times, awareness may be 
both extensive and profound. There are obviously 
great variations according to the nature of the 
situation, just as there are great variations within 
and between individuals. But regardless of how 
restricted or how wide-ranging awareness may be, 
what we are aware of in our minds comes about 
through a process in which we take account of 
many*more and many different aspects than we 
are probably aware of. All complex relationships 
between externality and impingement, between 
impingement and excitation, and between excita- 
tion and assumption, are taken account of in the 
perceptual process in so far as they are available 
to us through experience or physiology. 

It may be useful to differentiate at least some 
of the varieties of assumptions if for no other 
reason than to show the intricacy of what ap- 
parently constitutes perception as it makes its 
transition from one situation to another. By 
comparison, the operations of the most modern 
electronic computer seem very simple indeed. 

1. Assumptions concerning the significance of 
objects. The objects in the world around us have 
the meaning they do for us because we attribute 
to them certain characteristics, sizes, shapes, ot 
properties. 


purposes, 


We have built up these significances in 
the course of our dealings with these objects. 
For example, even though the pattern a piece of 
writing paper forms on our retina may not be 
rectangular as we look at it on our desk, we 
assume that the sheet of paper is rectangular ; even 
though the top of a drinking glass may be seen 
as elliptical when we stop to “look at” it, we still 
“know” 


that it is circular. Even though we see 


only the head of a horse projecting from behind 
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the barn, we will report that we are seeing a 
horse because we have learned to take for granted 
that the rest of the horse is there. We assume 
that things are “ We learn to regard 
objects as “large” or “small,” as “far” or “near,” 
as moving “ 


wholes.” 


fast” or “slowly” because of the ex- 
periences we have become used to relative to 
these objects. All of this most 
dramatically when we read reports of individuals 
who blind birth but who in 
certain rather rare instances can gain their sight 
after surgery. In summarizing some of these 
reports, J. Z. Young writes: 


may be seen 


have been from 


The patient on opening his eyes for the first time 
gets little or no enjoyment; indeed, he finds the 
experience painful. He reports only a spinning mass 
of lights and colours. He proves to be quite unable 
to pick out objects by sight, to recognize what they 
are, to name them. He has no conception of a 
space with objects in it, although he knows all about 
objects and their names by touch. 


2. Assumptions concerning the significance of 


people. When a situation in which we are par- 
ticipating or intend to participate involves other 
people, the assumptions by means of which our 
action is guided include new and different aspects. 
For other people have their own purposes which it 
is up to us to guess and to understand. In the 
process we must realize that the purposes of other 
people are just as “real” as any of the physical 
characteristics of objects. We must predict upon 
the basis of our assumptions what effect our in- 
tended behavior will others’ purposes, 
how others will see us, and how their reaction to 


have on 


us in turn will affect our own subsequent action 
in the endless chain of events in which we are 
We attribute certain significances to 
certain individuals because of assumptions we have 
learned concerning the meaning of the roles they 
play, their vocations, their place in the status 
hierarchy, the neighborhood, the nation, the race 
they represent. 


involved. 


All of these personal attributes 
are often thought of as “fixed” characteristics of 
people according to the particular purpose any 
such grouping may serve us. The gestures of a 
people, their manners, their customs, the way in 
which they regard and utilize time and space are 


often cues which are either not understood or 


misunderstood yntil a person from another culture 
learns the h 


standards upon which significance is 
based. 
3. Assumptions concerning the significance of 


sequential happenings. Obviously the world of 
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objects and people does not remain passive and 
static. Things keep changing. There is a cease- 
less flow of happenings around us. Day follows 
night ; our life follows certain rhythms ; our hunger 
stops when sve eat; the motor of our automobile 
comes to life when we turn on the starter; the 
traffic policeman stops us if we disobey his signal. 
In the course of living, a whole host of sequential 
significances are built up in us as we carry on in 
a world that is in continual flux. 

In order to make more certain that we 
“count” on a particular event to follow another 
event, man has devised a whole host of artifacts 
with built-in specifications. Many of the tools, 
instruments, machines, buildings, power systems, 
communications devices, and bewildering variety 
of man-made equipment that characterize modern 
life have been devised to ensure that certain events 
or satisfactions will follow each other in directions 
that are predictable and reliable. Often this 
standardization is at considerable cost to the 
richness of experience if one looks at other aspects 
than efficiency. For example, symbolism with all 
the aesthetic, intellectual, and spiritual overtones 
it provides is almost entirely ruled out as man’s 
artifacts more streamlined and func- 
tional. When we look at the combinations of our 
assumptions concerning people and our assump- 
tions concerning sequential significance, we begin 
to get some insight into the complexities of under- 
standing each other in a social world which, like 
the physical world, is constantly changing. For 
example, the quality of the relationship we have 
with other people depends in part on our capacity 
to comprehend simultaneously the sequential sig- 
nificances other people are experiencing in a chain 
of events, together with the sequential significances 
we ourselves are experiencing in the same phase 
of this chain of events. The experiences each of 
us has in the same phase of the sequence of events 


can 


become 


may either show how closely we are linked to- 
gether or how different and far apart we are. For 
we are able to share the same experience of what 
is significant in our participation with other people 
only in so far as we and they experience the 
same significances simultaneously in a chain of 
events in which we are all involved. Anyone who 
has watched an American football game with a 
foreigner who is seeing the game for the first time 
has sensed the disparity. Unless the significance 
of sequential events can be shared by people, then 
the event as the same “event” simply does not 


exist. Our allegiances and loyalties to others 
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come about because of the way in which we have 
learned to share these sequential events and have 
experienced a particular quality of value satisfac- 
tion from joint participation in what we are there- 
fore able to call the “same event.” 

4. Assumptions concerning the significance of 
actions. Each of us eventually learns, sometimes 
gradually, sometimes suddenly, what the probable 
significance of certain of our actions will be. We 
learn what experience we are likely to have if we 
initiate a certain chain of behavior. The child 
learns that a rubber ball will bounce if he throws 
it on the floor, that the cat will scratch him if 
he pulls its tail, that he has a better chance of 
getting the cooperation he desires if he says the 
right thing in the right way at the right time to 
his parents or friends. Each individual, according 
to his purposes, learns through the repeated testing 
of his action to more 
bringing about the consequences he wants. 


effective in 
The 


rituals, customs, ceremonies, and laws of a culture 


own become 


all ensure a greater repeatability in social affairs 
by providing more predictable directions, enabling 
more people to chart their courses of action, 
and thereby obtain greater satisfaction for each 
participant. 

5. Assumptions concerning temporal signifi- 
cances. Permeating the learning of all varieties of 
assumptions is its temporal aspect. This is such 
an integral part of all the processes of mind that 
we are seldom aware of the variety of assumptions 
concerning time that we are taking into account. 
Social psychologists and cultural anthropologists 
have often pointed out the different meanings and 
significances of time-measures, the different values 
placed on units of time, and the effects of tech- 
nology on the time standards of different groups 
and their operational definition of “promptness,”’ 
etc. But the assumptions we build up concerning 
subjective time become much more complex and 
subtle when considered from the first person view. 
For example, the subjective “present,” as so often 
pointed out, is likely to be a span of time more or 
less unique to every individual and gauged by him 
in the context of his own life, his age, his circum- 
stances, ete. Similarly, with the “past” and the 
“future.” 

The subjective time a person may associate with 
the realization of some value will vary by the 
“level” or “universality” of the value symbol 
serving as a standard for personal experience, for 
example, the differing standards of a Hindu mystic 
and an American business man. Different pur- 
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poses will be implicitly embedded in different 
temporal dimensions as_ will assumptions con- 
cerning different sequential events and the use 
and manipulation of different objects. The 
“timing” of political action by Soviet leaders in 
terms of their long-range purposes will likely have 
a quite different base line from the timing of 
political action by Western leaders who tend, for 
example, to give weight to such a factor as the 
next forthcoming election. 

Most of the time for most of us, a variety of 
these temporal significances are being taken into 
account simultaneously, being given different pri- 
orities in awareness as the pattern of purposes 
propels the stream of behavior through what we 
conceptualize as periodic time. 

6, Assumptions concerning the significance of 
value standards. In almost any concrete situation 
in which we participate, we are faced with alterna- 
tive choices of action. Whether we are aware of the 
process or not, we weigh alternative courses of 
action in terms of the value-significances they are 
likely to have for us, the relative value-satisfactions 
we shall obtain if we do this or that, or if we do 
nothing at all. Evaluation among various alterna- 
tives is made on the basis of the relative probability 
that each possible course of action will lead to the 
desired consequences, will produce the desired 
results. The process of guessing at the possible 
value-satisfaction our behavior will bring is enor- 
mously complicated since an almost infinite num- 
ber of subprobabilities relating to each of the 
above classes of significances must be taken into 
account. The process involves feelings or over- 
tones that we sometimes sense only vaguely, that 
are often not bounded by space or time, and that 
only become real and meaningful as they operate 
in determining what we will do in the here and 
now. In this process we may consciously or un- 
consciously refer to certain abstractions that are 
embodied in some code of ethics, some political 
ideology, some religion, and which we have learned 
to accept as possible guides that we may put to 
use as possible tests on appropriate occasions. 
While not real in their own right, these abstrac- 
tions can become real for us if they operate ef- 
fectively in concrete situations. And in this con- 
text, they are often indispensable “realities.” 

This is only a brief list of some of the signifi- 
cances, of some of the varieties of assumptions, 
constituting part of the active storage facilities the 
mind apparently provides. Assumptions move in 
and out in various complicated combinations in 
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fractions of a second. Some of the assumptions 
endure for a lifetime, others are fleeting. Our 
differentiation of assumptions into various head- 
There is no 
Furthermore, we 
must emphasize again that these assumptions are 


ings is, of course, quite arbitrary. 
clear-cut line dividing them. 


by and large interdependent in terms of their 
operation in a specific occasion of living, 


CONSTANCIES 

The effectiveness of our behavior in terms of 
carrying out our purposes is dependent upon our 
ability to act so we can experience the conse- 
quences we want to and intend to. This requires 
some way of knowing what can be “counted on” 
in the environment to bring about the desired 
consequences when we do act. For obviously 
we should not get far in the human venture if we 
carried on our lives with the continuous and con- 
scious realization that we were acting on the basis 
of probabilities by assigning significances to the 
If this 
were the unhappy state of affairs, we should be 
forever stopping to figure out what objects were, 
what people were going to do next and what they 
were really up to, what validity there was anyway 
to the 
guide our own activity. 


hieroglyphic stimulus patterns around us. 


used to 
We should be frustrated 
to the point of near paralysis. 


many abstractions customarily 


When we do discover from experience what can 


be “counted on,” we can say that our mind has 


built up “constancies” or, more accurately 
We begin to attribute 


certain continued characteristics to an object, a 


eX- 
pressed, “continuities.” 
person, a situation, a government, a nation, ete. 
These provide a sense of surety, the feeling that 
the same significances will repeat themselves, will 
prove reliable as we act to carry out our purposeful 
behavior, The mind transforms the probabilities 
of assumptions into the certainties of constancies. 
very act is based on the assumption that probable 
events are relatively certain events. 

In spite of the long and venerable history the 


subject of “constancy” has had in the history of 


experimental psychology, there has been com- 


function ot 
What 


does is, essentially, to enable us to 


little consideration of the 
constaney, of what constancy does for us. 


constancy 


paratively 
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‘size up” the relationship of our own unique 
position to some object, person, or situation so 
that we can make a prediction with a fair degree 
of certainty of what will be the most effective 
action for us to take at some particular point in 
time, 

And so we create and maintain a whole variety 
of constancies that provide us the anchoring points 
for evaluation and the springboards for action. 
The constancies we attribute to objects in terms 
of their size, shape, distance from us, and various 
other “properties” familiar to reader 
of an elementary text in psychology. 


are every 

And we can 
well add to this list what we might call the “social 
constancies” we build up and maintain. Psycho- 
logically, their function is the same as the function 
of “object constancy.” Here we can refer again 
to words and symbols with all the intricate re- 
lationships between naming and the named that 
have received so much attention from semanticists ; 
we can refer again to the artifacts man creates in 
order to increase the range and predictability of 
his behavior; we can refer again to the mores, 
customs, loyalties, and laws of a society devised 
to give greater regularity to social life. 

A most important by-product of the constancies 
we build up is our sense of the constaney of our 
own Self. It is only as we participate in the 
And 


our own. self-significance and self-constancy  be- 


world around us that we discover our Selves. 


come increasingly real for us as we participate in 
the physical and social environment around us 
and experience the consequences of bringing our 
assumptions and our constancies to bear on the 
concrete situations of living. 

The mind of the creative individual is a mind 
that sometimes these 
are new standards for value inquiry, sometimes 


generates new. standards: 
new aesthetic forms or models, sometimes new 
variables for scientific specification, sometimes new 
social or political organizations, sometimes the 
creation of new artifacts. The great leaps and 
developments that constitute so much of the story 
of man’s history have generated in the minds of 
comparatively few representatives of the human 
Just what accounts for the creative 
imagination of these gifted individuals is as vet 
only dimly understood. 


species. 
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INTRODUCTION 


For centuries man’s travels were confined to 
the surface of the earth. Then at the turn of the 
present century the Wright Brothers moved from 
the ground into the air. Man soon attained the 
freedom of the birds and in a half-century far 
surpassed their performance. Today he spans the 
oceans and continents in modern jet transports ; 
he will able to pace the in its 
apparent travel from east to west. 

In ancient times before written records, long 
before the attainment of the first flight of man 
in an airplane, some expressed their aspirations 
in tale and legend. Others sought imaginative 
expression of the primitive science and technology 
of their day in the attempted invention of flying 
machines. Success was delayed until the neces- 
sary broader base of knowledge of air flow, pro- 
pulsion, materials, and structural design had been 
established and the internal combustion engine 
had been invented and constructed. 

Before the first flight there were differences 
of opinion with respect to the prospects of early 
success and, even after the first flight, estimates 
of the future rate of progress varied widely. 
Wilbur Wright himself stated in 1908:' “I con- 
fess that, in 1901, I said to my brother Orville 
that men would not fly for fifty years. Two years 
later we ourselves were making flights. Sut 
it is not really necessary to look too far into the 


soon be sun 


future; we see enough already to be certain that 
it will be magnificent.” In the same year Simon 
Newcomb * remarked, “The writer cannot 
how anyone who carefully weighs all that he has 


see 


said can avoid the conclusion that the era when 
we shall take the flyer as we now take the train 
belongs to dreamland.” 

On October 4, 1957, Russian scientists launched 


a man-made moon for the first time in. orbit 


Wilbur Wright, L’dAérophile 16: 441 


1 Le banquet 
444, 1908. 

2 Newcomb, Simon, Prospect of aerial navigation, Vo 
American Review 187: 347, 1908. 
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around the earth, heralding the fast approaching 
realization of a second age-old dream of man to 
travel into interplanetary space. This year man 
will venture briefly into nearby space in the X-15 
research airplane and in the Redstone ballistic 
fights of Project Mercury. Hopefully in 1961 
the first orbital flights of a manned satellite will 
mark the step in space travel corresponding to 
the flight of the first airplane. 


HISTORICAL NOTES # 


Interest in space travel has ebbed and flowed 
through the centuries in synchronism with the 
state of development of knowledge of outer space. 
Interest in outer space probably began among 
the forerunners of astronomers in ancient lands. 
Exploration was then by visual observation of 
the sky by day and by night. The regularities of 
apparent motion were first noted, and the sky 
became the earliest clock and almanac. The sun, 
The 
notion of travel in space could not arise until the 
concept of the other 


moon, and planets were objects of worship. 


celestial bodies as worlds 
existed. 

The first cycle of interest in space travel oc- 
curred in ancient Greece as a result of the work 
of Greek astronomers who the flat 
earth concept. One of the astronomers 


of the second century B.c. 


abandoned 
great 
was Hipparchus who 
invented what we now call the Ptolemaic system. 
Ptolemaeus further developed and expanded the 
work of Hipparchus in the second century a.p. 
Influenced by these developments Plutarch * con- 
cluded that the moon is much like the earth, but 
smaller, inhabited not by people but by “demons,” 
who occasionally visit the earth. In the year 
160 a.p. the Greek writer Lucian wrote the first 

*For an account of the history of the development 
of space travel from the earliest times to early 1957, see 
Ley, Willy, Rockets, missiles, and space travel, New 
York, Viking Press, 1957. 

‘Plutarchus, De facie in orbae lunae. 
Plutarch’s complete works 1: 529, New 
1909. 


Translation in 
York, Crowell, 


104, xo. 5, ocToRBER, 1960 
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1960 
novel * of a voyage to the moon. The mode of 
travel was somewhat fortuitous, a ship in_ the 
fearsome Atlantic Ocean being 
whirlwind and lifted to the moon. 

Interest then disappeared through the fourteen 
centuries during which the authorities of the 
Christian Church, following Aristotle, opposed 
belief in the existence of 
came Nicolaus Copernicus 
ideas in astronomy.® 


caught in a 


other worlds. Then 
with revolutionary 
The telescope was invented 
in Holland, probably by Hans Lippershey in 
1608. Johannes Kepler * by analyzing the ob- 
servations of Mars made by Tycho Brahe estab- 
lished that the planets move in elliptical orbits 
around the sun rather than in epicycles whose 
centers moved in circular orbits. Finally Galileo * 
observed the disks of the planets with a telescope 
made by himself after receiving some information 
about Lippershey’s instrument. These new de- 
velopments in astronomy inaugurated a new cycle 
of interest and speculation about space travel to 
other worlds. 

Kepler himself wrote a fantasy * about travel 
to the moon which was published after his death. 
Travel of man was accomplished by the aid of 
demons, who, unable to withstand the light) of 
the sun, travel within the shadow of the 
when it touches the moon in an eclipse. The 
first journey to the moon to be deseribed = in 
English literature is found in a book by Bishop 
Francis Godwin!" printed in 1638. The hero, 
Domingo built an “Engine” to fly 
through the air which unexpectedly proved capable 
of taking him to the moon. The motive power 
was furnished by wild Swans called Gansas who 


earth 


Gonsales, 


‘Lucianus, Samosatensis, l’era /istorta. Translation 
Turner, Paul, True htstory, and Lucius, or the ass, 
Indiana University Press, 1958. 

® Copernicus, Nicolaus, De revolvtionibas orbinm coe 
lestium, libri V1, Norimbergae, apud Ioh. Petreium, 1543. 
Translation by Wallis, Charles Glenn, On the revolutions 
of the celestial spheres, Annapolis, St Bookstore, 
1939. 

7 Kepler, Johann, /phemerides novae 
lestium ab anno vulgarus MDOCNVTI ex observationibus 
potissimum Tychonis Brahei, J. Planevs, 1617. 

‘ Galilei, Galileo, Stdereus Nuncius, 1610. Translation 
by Carlos, Edward Stafford, The messenger, 
London, Rivingtons, 1880. 

* Kepler, Ludwig, Joh. AKeppleri mathematict olim tn- 
peratort’ Somnivm, seu opus posthvmim De astronomia 
lunart. Krankfort, Sagani Silesiorum, 1634. 

1° Godwin, Bishop Francis, 7he man in 

or a discovrse of a voyage thither Domingo 
Gonsales / the speedy messenger, 1638. Reprinted in 
Smith College Studies in Modern Languages 19: 1-A8, 
1937. 


by 


Johns 


motuum  coe- 


sidereal 


the 
/by 


moaone: 
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were taught many “trickes.” The development of 
the “Engine” is described in the following terms: 


Having prevailed thus farre, | began to cast in my 
head how I might doe to joyne a number of them 
together in bearing of some great burthen: which 
if | could bring to passe, I might enable a man to 
fly and be carried in the ayre, to some certaine place 
safe and without hurt. In this cogitation having 
much laboured my wits, and made some triall, [found 
by experience, that if many were put to the bearing 
of one great burthen, by reason it was not possible 
all of them should rise together just in one instant, 
the first that raised himselfe upon his wings finding 
himselfe stayed by a weight heavier than hee could 
move or stirre, would by an by give over, 
would the second, third, and all the rest. 1 devised 
(therefore) at least a meanes of how each of them 
might rise carrying by his owne proportion of weight 
only, and it was thus. 

I fastned about every one of my Gansa’s a little 
pulley of Corke, and putting a string through it of 
meetly length, | fastened the one end thereof unto a 
blocke almost of eight Pound weight, unto the other 
end of the string I tied a poyse weighing some two 
Pound, which being done, and causing the signall to 
be erected, they presently rose all (being 4 = in 
number, ) and carried away my blocke unto the place 
appointed. This falling out according to my hope 
and desire, | made proofe afterwards, but using the 
held of 2. or 3. birds more, in a Lamb, whose hap- 
pinesse I much envied, that he should be the first 
living creature to take possession of such a device. 

At last after divers tryalls | was surprised with a 
great longing, to cause my selfe to be carried in the 
like sort. So upon a time having provided all 
things necessary, I placed my selfe with all my 
trinckets, upon the top of a rocke at the Rivers 
mouth, and putting my selfe at full Sea upon an 
Kngine (the description whereof ensueth) I caused 
Diego to advance his Signall: whereupon my Birds 
presently arose, 25 in number, and carried mee over 
lustily to the other rocke on the other side, being 
about a Quarter of a league. 


also 


as 


There appeared in 1640 the third edition of a 
book by Bishop John Wilkins"! in’ which the 
hope was expressed that science would soon dis- 
cover the means to travel to the moon. About a 
decade later Cyrano de ‘Bergerac '* wrote about 
travel to the Different travelers used 
different means of transportation; (1) bottles 


moon, 


filled with dew, a substance which every morning 
was believed to disappear by being drawn towzrd 
the sky; (2) 


lodestones thrown upward = con- 


1 Wilkins, Bishop John, The discovery of a world in 
the moone. Or a discovrse tending to prove that it ts 
probable there may be another habitable world in’ that 
planet, London, E. G. for M. Sparke and E. Forrest, 1638. 
Third edition, 1640. 

12 Cyrano de 
contenant les 
Fovrmy, 1662. 


Bergerac, 
ctats et 


Savinien, Histoire 
empires de la lune, 


comigue : 
Lyon, C. 
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tinuously to propel an iron car upward; and 
(3), surprisingly enough, powder rockets. 
With the further growth of astronomical 
knowledge, distances to celestial objects became 
more accurately known, and the distinction be- 
tween travel through the atmosphere and _ travel 
through the vacuum of space was finally under- 
stood. Space travel then seemed impossible, and 
interest in it was replaced by interest in com- 
munication with the inhabitants of other worlds. 
The famous German mathematician and physicist, 
Karl Friedrich Gauss '* in the first half of the 
nineteenth century proposed to use the language 
of mathematics by drawing the geometrical figure, 
consisting of a triangle and three squares which 
demonstrate the theorem of Pythagoras, on the 
gigantic blackboard of the Siberian tundra. The 
“lines” of the figure were to be composed of 
strips of dark pine forest, each line being ten 


miles wide. An alternate scheme was proposed 


in which the Sahara 
desert was to constitute the background and the 
lines were to be made by wide trenches _ filled 
with kerosene which was to be ignited to produce 
lines of fire. 

In the latter half of the nineteenth century, 
further observations of Venus and Mars with 
improved telescopes and advances in the tech- 


by the astronomer Littrow 


nology of ballistics stimulated novelists to write 
of space travel to Mars and Venus as well as to 
1865 Achille 
and Jules Verne’s 


the moon. In there appeared 
Kyvraud’s Voyage a Vénus? 
De la 


Verne’s Autour de la Lune.’ 
of the 


Terre a la Lune**® and two later 


Then at the turn 


vears 


century the imaginative science fiction 


18 Gauss, Karl Friedrich, as told by Ley, Willy, Rock- 


Space travel, 32, New York, 
Original source not located. See 


ets, missiles and 
1957. 


Viking 
Press. footnote 
14 

14 Littrow, Joseph Johann yon, as told by Ley, Willy, 
Rockets, missiles and space travel, 32, New York, Viking 
Press, 1957. Original reference, Littrow, J. J. von, Die 
Wunder des Himmels, Zweiter Theil, Beschriebende As- 
204, Hoffmannsche Verlags-Buchhandlung, 
that the proposal to use the language of 
mathematics was made by “one of our most distinguished 
The discussion related to the supposed 
inhabitants of the moon, and the geometrical figure was 
to be a wide plain of the 
earth.” 

1 Eyraud, 
Lévy 


tronomie, 
1835, states 


geometricians.” 


drawn “in large scale, on 
Achille, 
1865 

16 Verne, Jules, De la terre a la lune, 
1866. 

17 Verne, Jules, -dutour de la 
1872 


Voyage a@ lenus, Paris, Michel 


ireres, 
Paris, J. Hetzel, 


lune, Paris, J. Hetzel, 
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novels of H. G. Wells '’ closed this period of 
interest in space travel. 

There followed again an ebb of public interest 
in space travel lasting four decades. However 
beneath the surface there began to emerge inven- 
tions, scientific knowledge, and practical develop- 
ments which resulted in present national 
activities and revived public interest in space 
travel. How far below the surface these activities 
were may be judged from the fact that the 
Fourteenth Edition (1929) of the Encyclopaedia 
Britannica does not contain the names of the 
Russian, K. FE. Tsiolkovskii or the Rumanian, 
H. Oberth, now recognized as pioneers in the 
theory of the application of rockets to space travel. 
A brief paragraph on Rocket Propulsion. states 
that 


have 


The pioneer work on the use of the exhaust of a 
rocket to propel a body was done by Prof. R. H. 
Goddard of Clark University, Worcester, Mass., who 
has studied the problem since 1909, In 1928 experi 
ments were carried out on a rocket intended to travel 
into the rarefied upper air so as to obtain data as to 
its composition and condition. In 1918 Prof. God 
dard, under the auspices of the Smithsonion Institu- 
tion, published data supporting the practicability of 
a rocket flight to the moon.” !" 

A major factor in our current position in space 
travel is the curious accident that the Versailles 
Treaty with Germany at the end of the First 
World War failed to include rockets among the 
military weapons prohibited to Germany. As a 
result in 1929 the German Army began the 
development of rockets which eventually resulted 
in the large V-2 rocket first fired successfully on 
October 3, 1942, in test flight and on September 
6, 1944, as a weapon. Rocket research in the 
United States began at the California Institute 
of Technology in 1936; the development of their 
first rocket began in 1944. The development. of 
large rockets as weapons produced the presently 
used space both in the U.S. and the 
U.S.S.R. The Jupiter, Redstone, Thor, and 
Atlas missiles, including their guidance systems 
but not warheads, are essential 
current U.S. space vehicles. 


bor ysters 


components of 


U.S. interest in space began during the Inter- 
national Geophysical Year 1957-1958 when it 
was decided to develop a satellite vehicle under 


'’ Wells, H. G., 
G. Newnes, 1901. 

1’ (goddard, R. H., .4 method of reaching extreme alti- 
tudes, Washington, Smithsonian Institution Publication 
no. 2540. Smithsonian Miscellaneous Collections 71, 
1919 


The first man m the moon, London, 
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civilian direction without interfering with the 
missile program carried out under military aus- 
The Vanguard de- 
signed specifically as a satellite launch vehicle. 


Although the early launchings were unsuccessful, 


pices. launch vehicle was 


made. 
The second and third stage rockets of Vanguard 
are essential components of later space vehicles 
and the Minitrack for the 
Vanguard project are the backbone of our current 


three successful Jaunchings were finally 


stations developed 


satellite tracking system. 

ij. S.S. R. launched the 
first satellite on October 4, 1957, using its well- 
tested military rocket. Soon thereafter the U.S. 
Army was authorized to use the Redstone missile 
in conjunction with a cluster of solid) propellant 
rockets developed by the Jet Propulsion Labora- 
tory of the California Institute of Technology. 
The first attempt on January 31, 1958, to place 
explorer [ in orbit was successful 


As is well known the l 


Interest in space travel is now expressed by 
governmental authorities of both the U.S. and 
the UU: S. Sok: In closing this brief historical 
account we may note that the first formal govern- 
mental action was the appointment in 1954 by the 
Presidium of the U.S.S. R. Academy of Sciences 
of the Interdepartmental Commission on Inter- 
planetary to “coordinate 
direct all with 
problem of mastering cosmic space.” 
equivalent action in the U.S. was the passage of 
the National .\eronautics and Space Act in 1938. 


Communications and 


work concerned solving the 


The nearest 


BEGINNING OF THE 


Ok 


DIRECT 
SPACE 


EXPLORATION 


The direct exploration of space by means of 
unmanned vehicles traveling in space began on 
October 4, 1957, with the launching of Sputnik | 
by the U.S.S:R. In the intervening 
months there launched 
additional satellites 
much 


thirty 
been 

earth 

scientific 


have successfully 
which have 
information about the 
space environment by radio telemetry of data to 
the ground. Two satellites were launched by the 
J. 3.5 2. on 1957, and May 15, 
1958. The U.S. has launched sixteen satellites, 
the first on January 31, 1958, and the most recent 
on April 16, 1960. 
launched by Jupiter C’s in three cases, Thor- 
Able II] in one, and Juno II in one. 


eighteen 
yielded 


November 3, 


Five were called [xplorers, 


Three were 
Vanguards; five were Discoverers, launched by 
Thor-Agena_ <A’s; an Atlas for the 
communications experiment, Project Score; one, 


one used 
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the meteorological satellite of Project Tiros, was 
launched by a Thor-Able IV; and one, the navi- 
gation satellite Transit, was launched by a Thor- 
Able Star. 

Seven space probes have been launched since 
October 4, 1957, three by the U.S.S.R., four by 
the U.S. All of the U.S.S.R. space probes were 
directed toward the one, launched on 
January 2, 1959, passed within a few diameters 
of the moon and went into an orbit around the 
sun. The second, launched on September 12, 
1959, hit the The third, launched on 
October 4, 1959, passed close enough to take 
pictures of the far side of the moon and was de- 
flected by the gravitational field of the moon to 
return toward the earth. The first U.S. space 
probe, launched on October 11, 1958, traveled to 
a distance of 70,700 miles; the second, launched 
on December 6, 1958, to 63,580 miles: while the 
third, launched on March 3, 1959, went into orbit 
around the communication with = it 
maintained to a distance of 407,000 miles. The 
March 11, 1960, inward 
toward the orbit of Venus and on April 18 was 
at a distance of a little more than five and a halt 
million miles from the earth with data still being 
received by telemetry. 


Moon ; 


moon. 


sun, being 


fourth was launched on 


Keach of the satellites and space probes has 
produced much information on various aspects 
of the space environment itself and of environ- 
mental conditions within Many 
of the missions have been directed toward scien- 
tific objectives relating to the and its 
atmosphere and ionosphere. To illustrate the 
types of information returned, we may consider 
the results from Sputnik II], Lunik [11], Pioneer 
V. and Tiros I. 

Sputnik IT was launched into an elliptical orbit 
with initial perigee of 140 miles and initial apogee 
of 1,038 miles inclined at to the 
equator. It carried the dog “Laika” for measure- 
ment of physiological reaction of an animal to 
space flight. Its instruments measured 
rays, solar ultraviolet and x-radiation. Tempera- 
tures and pressures the satellite were 
measured. Significant solar influence on density 
in the upper atmosphere was noted from measure- 


space vehicles. 


earth 


O> degrees 


cosmic 


within 


ments of fluctuations in satellite drag which were 
directly correlated with solar activity. Cosmic- 
increased with 
the time but later be 
the Van Allen radiation belt 


discovered with the instruments in explorer 1. 


counting 
at 
with 


ray rate 


height, 
to 


not 


understood found 


associated 
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Lunik II] produced the first pictures of the 
far side of the moon. Lunik III demonstrated 
maneuverability in a large space craft, the suc- 
cessful storage of pictures on film and their later 
transmission back to earth. Apparently no 
further scientific data were obtained because of 
early failure of the power supply or transmission 
system. 

The Pioneer V_ space probe, weighing 94.8 
Ibs., was accelerated to a velocity of 24,869 miles 
per hour in an orbit about the sun inclined inward 
toward the orbit of Venus. Its period is about 
311 Its perihelion is about 74,700,000 
miles, which is about eighteen million miles closer 
to the sun than the orbit of the earth. [Long-range 
projection of the trajectory forecasts that Pioneer 
V will be farthest from the earth—183 million 
miles—in September, 1962, and that the earth 
and probe will approach within 16 million miles 
in November, 1965. Because of the eccentricity 
of the probe orbit, the probe again will come 
within 15.6 million miles in April, 1966. A closer 
approach than this will not occur until 1989 when 
the two will come within two million miles of 
each other according to present estimates. The 
probe carries instruments to measure charged 
particles in space, 1.e.. an ionization chamber and 
Geiger-Mueller tube to measure total radiation, 
and a triple coincidence cosmic-ray proportional 
counter. 


days. 


The probe also carries a micrometeorite 
counter, a magnetometer, and 
measurement — of 


instruments for 
temperatures and __ attitude. 
Power is furnished by solar cells mounted on 
paddles. There two transmitters, 5 watts 
and 150 watts, designed to permit communication 
at distances up to 50 million miles. 


are 


Tiros I is a 270 Ib. satellite which carries two 
television cameras to cloud) formations 
and transmit the pictures to stations on the 
ground. It was launched in a nearly circular 
orbit with perigee of 435 miles and apogee of 468 
miles with a period of 99.15 minutes. It is 
stabilized by spinning, thus maintaining a fixed 
direction in Pictures are obtained when 
the satellite is in that part of its orbit where the 
camera sees the sunlit portion of the earth. The 
satellite is provided with tape recorders which 


observe 


space. 


can record as many as 32 pictures for later trans- 
One of the 
Thousands 


mission to the ground. stations. 

recorders is at present inoperative. 
of pictures have been obtained of cloud forma- 
tions. Tiros promises a major forward step in 


observations of major storms and frontal systems. 
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On the basis of this and future meteorological 
satellites, it is hoped to develop within a few years 
an operational system for routine use in weather 
forecasting. 

For present purposes we are interested in the 
hearing of the information obtained on the pros- 
pects for space travel. by man. Dr. Homer E. 
Newell, Jr., has recently *’ discussed this problem 
in some detail. The data obtained on the pressure, 
density, and temperature are required for rational 
design of any space craft, whether carrying man 
or instruments. Similarly, data on the ionosphere 
are of interest because of the electrical charging 
of the vehicle and its effect on radio communica- 
tion from the vehicle and on its drag. 

One of the major results of our first satellite 
launchings was the discovery by James A. Van 
Allen and his colleagues of a belt of charged 
particles trapped in the magnetic field of the 
earth which produced radiation on striking a 
space vehicle. Further studies have shown that 
the structure of this region is quite complex and 
the outer zone varies in extent with solar activity. 
Newell's assessment of the situation is as follows : 


The radiation trapped in the Van Allen radiation 
belt may be a serious radiological hazard to the 
crews of future space craft or space stations. There 
is not yet available enough details on the particles 
to provide a full answer to the question of how great 
this hazard is. The data presently at hand indicate 
that exposure levels would be in the range from 2 to 
50 roentgens per person in the case of a rocket flying 
directly through the radiation belt to outer space. 
These radiation levels are well below the lethal 
dosage for human beings and may be further reduced 
by appropriate shielding. Moreover, it may be pos- 
sible to launch a craft into outer space through the 
funnel-shaped region around the magnetic poles, 
thereby avoiding passage through the radiation belt. 
This cannot, however, be done in the case of orbit- 
ing satellite stations; if these are too high, they will 
continually enter and leave the radiation belt. In this 
case, the accumulated exposure might well become 
so great as to prohibit the use of the station. Thus, 
it may be necessary for manned satellites, at least 
the early ones, to be placed in orbits around the 
equatorial belt and to remain at relatively low alti- 
tudes—say below 600 kilometers. It should be noted, 
however, that Winckler and his co-workers, in recent 
balloon flights, detected heavy fluxes of protons of 
100-million-volt energy at low altitudes at the time 
of a major solar flare. It appears that the radio- 
logical hazard in space flight may be serious for 
limited periods during times of unusual solar activity. 


In addition to the hazard of the radiation belt, 
there is still much to be learned about cosmic rays, 


20 Newell, Homer E., Jr., 
Science 131: 385-390, 1960. 


The space environment, 
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particularly the roughly one per cent consisting 
of heavy nuclei, and about the electromagnetic 
radiation from the sun. The designer may have 
to make some provision against possible effects 
on man of these features of the environment. The 
designer also needs more detailed information 
on meteoroids and micrometeorites in order to 
design an adequately protected structure. 

From this brief review of our beginning steps 
in the exploration of space we see that we have 
learned much but that much basic information is 
yet to be obtained before man ventures very far 
away from the earth. Specifically, there are 
formidable developments needed to assure the 
success of manned journeys to the moon and to 
the planets of the solar system. 


NEED FOR A BROAD FOUNDATION 
RESEARCH AND TECHNOLOGICAL 
DEVELOPMENT 


OF 


The current state of the art of space technology 
permits certain types of flight 
which have produced important new knowledge 
as just described. 


space missions 
Knowledge is adequate, as 
will be discussed later, to begin to gain experi- 
ence with man himself in the space environment. 
If, however, substantial progress is to. be made, 
we must follow the method so successful in aero- 
nautical development. In this field, found 
that the conduct of a broad program of laboratory 


we 


research and technological development in many 
areas of science and technology in ground facili- 
ties advanced the state of the art more rapidly 
than could be done by flight experience alone. 

These areas are often described as problem 
areas. However, they must not be thought of 
as problems which must be solved before man 
can begin to venture into space. Rather they are 
the areas in which the current state of knowledge 
presently limits the performance which can_ be 
realized in flight missions. 

Thus U.S. space missions are limited by the 
present state of the art of propulsion as embodied 
in available launch vehicles. Our payload weights 
are limited to a few hundred pounds. As a 
consequence unable to include in the 
upper stages of our launch vehicles certain ac- 
curate guidance systems now 
ballistic missile developments. 


we are 
available from 
The end result is 
a limitation on the types of flight missions which 
we can undertake with assurance of success. 
Steps are of course underway to accelerate 
developments in the propulsion field to gain in- 
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creased thrust capability at the earliest possible 
date. But the propulsion problem is not a single 
problem solved by the development of a single 
new propulsion system. We must maintain steady 
progress not only through study of larger chem- 
ical rocket systems but through basic research in 
fuels and combustion, and by research and de- 
velopment on new systems such as nuclear rockets 
and nuclear-electric propulsion systems. Without 
going into technical detail, missions with the very 
large payloads required for the travel of man to 
Mars and Venus cannot be undertaken before the 
foundations are laid to make possible propulsion 
systems of adequate performance. 

There are many other areas related to systems 
associated with the overall performance and utility 
of the vehicle itself. 
obvious 
required. 


Guidance and control is an 
which continuous progress is 
At present guidance usually ceases at 
burnout of the first or second stage rocket. reli- 
ance being placed on spinning the upper stages 
to preserve direction. 


area in 


We see already the need 
for and are doing research on improved methods 
of attitude control, trajectory modification by 
mid-course guidance, and for terminal guidance 
as the moon or planet is approached. Another 
obvious area is that of energy sources and con- 
version systems to power the equipment in the 
space craft and to provide maneuvering power. 
We began with chemical batteries of limited life. 
We are now using solar power to keep batteries 
charged, a system adequate for smaller unmanned 
space craft and permitting operation for a year 
or more in the absence of equipment failure. We 
have under development nuclear-electric systems 
of greater power, identified in the 
technical literature as SNAP systems. 

For the travel of man himself we encounter 
other problem areas. We are unable to make any 
large modification in man himself and we there- 
fore must provide him with the environment to 
which he i 


press and 


is accustomed, or as nearly so as 
possible, including eventually the psychological 
and social factors. We have had limited experi- 
ence with some of these problems in the environ- 
ment of submarines and aircraft. It is apparent 
that man must travel in a closed cabin at or near 
atmospheric pressure with an atmosphere of suit- 
able composition and with temperature controlled 


within narrow limits. Certain measures such as 


g-suits, special couch supports or restraining belts 
must be used to counter the effects of large ac- 
celerations, 


which, even with such protection, 
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must be restricted to tolerable limits. 
vibration must be within certain limits. 


Noise and 

In space 
travel in free space, the acceleration of gravity is 
absent. Its effects on humans and animals are 
under study. This condition can probably be 
tolerated for hours but long exposure may prove 
harmful. If so, the designer will have to provide 
an artificial gravity field by use of centrifugal 
force. The present state of the art forms a 
sufficient foundation for space flights of short 
duration, i.e., for a few hours or perhaps days. 
Sut we do not have a solid foundation for manned 
flights lasting for months or years. 

As soon as we begin to consider travel of man 
in space for these longer periods of time, a host 
of new problems arise, associated with supply and 
Food, oxygen, and water must be 
continuously available, and the weight required 
tor 


logistics. 


long missions becomes very great indeed. 
Further the life processes of man produce waste 
products in the form of carbon dioxide, excreted 
water and solid matter which must be disposed 
of. In these wastes are a large number of chem- 
ical compounds in very small amounts which have 
deleterious effects if accumulated in an enclosed 
space over a long time. 

Such considerations lead to the study of closed 
ecological systems, i.e., those which reproduce 
ona small seale the food growth processes and 
the water, oxygen, and other chemical cycles 
which take place in the natural earth environ- 
ment. Thus, experiments are needed on the 
growth of food by photosynthetic action of sun- 
light, on chemical or biological systems to free 
oxygen from the exhaled carbon dioxide, and on 
water purification systems. Knowledge in this 
There are many un- 
solved problems in human physiology, particularly 
connected with the utilization of minute 
quantities of many chemical elements. We may 
avoid these problems in our first short journeys 


area is still fragmentary. 
those 
but the practicability of longer journeys is de- 


pendent on continuous progress in this problem 
area. 


The solution of man’s” environmental and 
supply problems involves additional energy 
utilization and additional mechanical and_ elec- 


trical systems. His life hangs on their continued 
operation over the months and years required for 
We are thus face-to-face 
with the difficult problem of developing long-life 
equipment of high reliability. The study of de- 
sign methods and test procedures to assure high 


the desired missions. 
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reliability and long life is receiving increased 
attention. 

Finally there is the problem of adequate 
knowledge of the space environment itself with 
special reference to new hazards to man which 
may require protection. The most obvious prob- 
lems are those related to radiation, cosmic rays, 
and meteorites which are under active study in 
the current space flight program. 

A review of these many areas in which new 
knowledge is needed indicates the broad nature 
of the program required eventually to bring about 
the exploration of the solar system by man. The 
time scale of any specific mission is fixed by the 
rate at which we push forward. 


MILESTONES OF SPACE EXPLORATION 


The assessment of the future course of space 
exploration is a matter of extrapolation of past 
experience in the light of the foreseen problems. 
As such it is highly speculative. Prediction of the 
direction of technical progress is usually 
reliable than predictions of time scale. 


more 
A major 
uncertainty is the magnitude of the resources 
which any one nation or the world as a whole 
will devote to space exploration. The predictions 
of any one individual are likely to be colored by 
his mood of optimism or pessimism and the de- 
gree of his responsibility for making the prophe- 
cies come true. In the attempt to provide a better 
assessment than the judgment of one individual, 
we consider the recorded in 
studies of the next ten vears in space exploration. 

One study consists of a staff report of the 
Select Committee on Astronautics 
Exploration published on January 2, 1959, under 
the: title, ““The Next Ten Years. in 
1959-1969." This report is based on a summary 


may views two 


and Space 


Space, 


of the views of fifty-six scientists, engineers, in- 
dustrialists, military officials, and government 
administrators concerned with the national space 
program. The report contains the statements of 
the fifty-six individuals as well as a summary by 
the staff of the Committee. 

As might be expected the predictions vary 
widely. Nevertheless, there was substantial agree- 
ment on the progression of steps to be followed 
as man travels to greater and greater distances 
from the earth. These are the development. of 


manned earth satellites, and of manned = space 
stations, i.e., large satellites carrying several 


men, circumnavigation of the moon by man and 
return to earth, landing on the moon and return, 
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manned expedition to Mars and Venus, the near- 
est planets. There were few attempts to forecast 
steps beyond Mars and Venus. 

It is noteworthy that not one of the fifty-six 
questioned the possibility of man’s reaching the 
moon, The only question appeared to be when. 
Although a few forecast the landing of man on 
the moon near the end of the decade, if a very 
high priority were placed on this goal, the ma- 
jority placed the date a few years beyond the 
ten-year period. It was generally believed that 
the circumlunar flight of man would be accom- 
plished before 1969. 

The second group, whose collective views are 
worthy of consideration, consists of the scientists, 
engineers, and administrators of my own agency, 
the National Aeronautics and Space Admunistra- 
tion, who are charged by the Congress of the 
United States the responsibility for the 
exploration of space for peaceful purposes and the 
general In January of this year the 
NASA presented to Congress its Ten-Year Plan 
of activities, 
vehicle launchings 


with 
welfare. 
space About twenty-eight) major 
per year are anticipated. 
launch vehicles of increasing capability are under 
development and the weight of the largest in- 
dividual space craft that can be launched into a 
low altitude earth orbit of about three hundred 
miles increases from about two hundred pounds 
to more than fifty thousand pounds at the end 
of the Correspondingly, the weight 
capability for other more difficult missions to the 
moon and planets will increase by a large factor. 

The NASA Ten-Year includes a list of 
mission target The manned in- 
cluded are the first suborbital flight of an astro- 
naut during this calendar vear, the orbital flight 
of an astronaut in 1961, first launching in a pro- 
gram leading to manned circumlunar flight and to 
permanent near-earth space station in 1965 to 
1967, with manned flight to the moon beyond 
1970. 

The unmanned 
sions, Which support the later manned missions, 
such as the first launching of an unmanned vehicle 
for controlled landing on the moon in 1963 > to 


decade. 


Plan 


dates. missions 


program includes many mis- 


1964 and unmanned lunar circumnavigation and 
return to earth in 1964. In addition, launchings 
of unmanned missions to the vicinity of Mars 
and Venus in 1962 and 1964 are included 
well as the first launching of an orbiting astro- 
nomical and radio astronomy observatory in 1963 


to 1964. 


as 


SPACE TRAVEL 


SPECULATIVE COURSE OF 
DEVELOPMENT 


FUTURE 


Only a few scientists have attempted to specu- 
late about the distant future, although many 
others have exercised imagination without the 
restraints of current scientific knowledge. Ex- 
tension of space travel to the limits of the solar 
system is certainly conceivable of accomplishment 
in several decades. Travel to the stars is quite 
another matter. The nearest star is 25 million 
miles away. It takes light more than four years 
to make the journey. Hence travel of man could 
be practical only if the velocity of the space craft 
approaches a large fraction of the velocity of light; 
In the Congressional study referred to previously 
Professor Dr. Ing. Eugen Sanger of the Tech 
nische Hochschule at Stuttgart states: 
According to present-day knowledge the developmen 
will be via thermal atomic rockets, ionic rockets t 
field-quantum rockets, e.g., photon rockets, which wil 
result in flying velocities so high that, maybe in th 
next century, fixed star systems, which are million 
of light vears away, can be reached within a 
years of the lifetime of the crew. 


tev 


extrapolation to the next century is) probably 
reliable. 

Milestones of space exploration of interest t 
many are the dates when flight into space, either 
suborbital to great distances on the earth, in earth} 


not very 


satellite orbits, or to the moon and planets, willl 


: . che ais et 
be as routine and familiar as the ocean-spanning} 


travel in the jet transport airplanes of today. In! 
my opinion these milestones will be reached but! 
they are too far away to be accurately forecast. 
I shall take refuge in paraphrasing the words of 
A. F. Zahm 7! in 1894 with reference to the con- 
quest of the air: It were vain for us to speculate 
on the eventualities of the conquest of space, for 
they are incalculable. 
PROJECT MERCURY 

Let us then leave speculation about the future 
and return to the facts about the activities of 
today as we approach the first travel of man in 
orbital flight about the earth. The effort of the 
United States is known as Project Mercury. Its 
objective is to determine the capabilities of man 
to contribute to space exploration. 

There are differences of opinion about the: 
contribution which man can make to the explora- 
tion of space in the near future. Some feel that 

21 Zahm, Albert F., 
Institute 138: 355 


\erial navigation, Jour. Franklin 
356, 1894. 
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any desired task can be done by automatic equip- 
ment. Experience with research airplanes has 
emphasized the limitations of automatic devices ; 
they can deal only with completely foreseen events 
based on programs prepared in advance from 
complete knowledge. Only the skill of a Bridge- 
man could retain control and land the D558-2 
airplane when it unexpectedly encountered a 
region of instability at high supersonic speed. 

The characteristics of man not yet reproducible 
by an automatic device the 
A. Peters,” 


are, in words of 


George 


nis ability to make unrehearsed observations and 
decisions, to function effectively in rather ambiguous 
perceptual situations, to draw upon and use an im- 
mense existing data-storage capability, and to adapt 
or change his mind as the circumstances dictate... . 
He will probably find useful roles in flight manage- 
ment, scientific observation, maintenance and repair, 
reliability override, redundancy, or adjustment func- 
tions; special tasks such as the assembly of space 
stations, or merely to save the weight, cost, and de- 


velopment time of certain complex or highly 
specialized equipment. 

While in a sense the astronaut in Project 
Mercury may be considered as a_ biological 


mechanism whose functioning is to be measured, 
Provision 
is made for him to perform functions of a pilot, 
Hight engineer, navigator, and radio operator. 
To assure his safety there is being established a 
network of ground stations throughout the world 
with access to high-speed computers by means of 
which the space craft can be controlled from the 
ground when 


he is far more than a passive specimen. 


necessary. Because of the high 
velocity and the exactness required in maneuvers, 
the space craft is equipped with automatic sensing 


and. control devices of the type already found 


necessary in high-speed military aircraft. But 
the astronaut can make certain changes and 
adjustments, can control the attitude of the 


capsule, and can take emergency actions if the 
automatic devices should fail. 

The astronaut is provided with navigation 
devices, and should be able to know his position 
at every moment. He is expected to maintain 
communication with the ground, reporting his 
own condition, the functioning of the craft and 
its equipment, and the observational data he is 
collecting. 


Thus, while the successful perform- 


George A., 
flight, 


“2 Peters, 
manned space 
March, 1960. 


Psycho-social 
Astronautics 5: 


problems — of 
30-31, 89-92, 
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ance of the Project Mercury mission’does indeed 
have high overtones of national prestige, it is 
primarily the necesary step to determine man’s 
capabilities under the new environmental condi- 
tions of orbital flight. If, for example, it should 
turn out that the effect of weightlessness for 
extended periods greatly inhibited the ability of 
man to do the relatively simple tasks described, 
space travel of man would have to await the 
development of large capsules in which gravity 
could be simulated by centrifugal force. 

The simplest approach to space craft design 
was for Project Mercury, although it 
should not be considered that the space craft is 
simple. The capsule, in which the astronaut 
travels, is roughly the size and shape of an Indian 
tepee, with an extension at the top in which 
parachutes are housed for landing. The capsule 
is placed in a nearly circular orbit at an altitude 
between 100 and 150 miles by an Atlas inter- 
continental ballistic missile booster. At a height 
of 125 miles the speed is about 17,400 miles per 
hour and the three circuits around the earth 
planned for the mission are completed in about 
4} hours. The launching will be made from Cape 
Canaveral, Florida, and the recovery will take 
place in the water area of the Atlantic Missile 
Range. 

The astronaut lies on his back, on a contour- 
fitting seat, for maximum protection against the 
high forces developed by the acceleration at take- 
off and by deceleration in reentry into the atmos- 
phere. 


chosen 


The capsule is provided with an escape 
system, in case the mission has to be interrupted. 
It is designed to operate automatically, if the 
rocket fails; or the ground crew can touch it off ; 
or the pilot himself can operate it. A special 
escape rocket then catapults the capsule free of 
the booster, to an altitude where the landing 
parachute can be deployed; and he is lowered, 
in the capsule, to the ground or sea, just as in a 
normal landing. 

To return to earth from orbit at the end of a 
successful launching, the capsule is turned so that 
its broad base, containing the heat shield and the 
retro-rockets will face in the direction of flight. 
The retro-rockets are fired, slowing the capsule 
below orbital speed. The capsule then descends 
gradually, base down, into the atmosphere again. 
The heat shield dissipates the heat energy de- 
veloped on re-entry, and the air resistance slows 
the capsule still more. A small parachute is used 
for further retardation and then the main para- 
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chute deployed for landing. 
will be on the water. 


The normal landing 
Aircraft are guided by radio 
beacons on the capsule to its location. Surface 
vessels make the recovery. 
Such is the Mercury mission. An exhaustive 
test program is in progress on every component 
of the vehicle and every phase of the’ flight, in- 
cluding the escape system maneuvers. — Instru- 
mented flights, and flights with animals, will pre- 
cede manned flights. As mentioned earlier, it is 
hoped to have the first suborbital training flight 
of an astronaut, using a Redstone booster, during 
this calendar year, and the first orbital flight of 
an astronaut during the calendar year 1961. 
These dates are dependent on satisfactory results 
in the remaining test program for qualification 
of the capsule and its equipment, and on. satis- 
factory performance of the tracking and recovery 
crews in the unmanned flights. 
WHY 


EXPLORE SPACE? 


Our review of the prospects for space travel 
has led us from the fantasies of centuries ago to 
the events of the last three then to an 
assessment of the problems of manned space 
flight to the moon and planets and into the mile- 
stones of future development. We have con- 
sidered the probable advances in the next decade 


years, 


with some assurance, and speculated in more 
general terms about the following years. In 
view of the expectations of the science fiction 
writers, and of other imaginative thinkers, the 
rate of advance may seem slow. Even the 
rate of expenditure will soon surpass one billion 
dollars per year. The plans and program are 
keyed to a sound but bold scientific and engineer- 
ing approach as illustrated in the more detailed 
report on the research and development leading 
to the orbital flight of an astronaut. 

The actual beginning of the construction of a 
vehicle for manned space travel has stirred the 
imagination of people everywhere and evoked 
emotional as well as rational responses. The at- 
tention of the public has been aroused to con- 
template the tremendous of the 
universe, almost infinite by comparison with 
terrestrial distances. Twenty-six million miles 


sO, 


dimensions 


to Venus, forty-nine million miles to Mars, 3,680 
million miles from the sun to Pluto at the outer 
The nearest of the stars 
is twenty-five million miles away, and travel to 


edge of the solar system. 


it at seven miles per second would require over 
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100,000 years. Is the travel of man to the stars 
a futile dream? Every generation of man builds 
on the shoulders of the past. The exploration of 
space has begun; who now can set limits to its 
future accomplishments ¢ 

Many of our fellow citizens, busy with every- 
day living, have been incited to consider an age- 
old question: Are the earth and man_ unique 
creations or are there intelligent beings on other 
celestial bodies elsewhere in the universe? What 
is the chemistry of their life processes? To what 
depths of understanding of the universe have 
their minds penetrated? What is the nature of 
their culture, their religious and philosophical 
beliefs? As already mentioned, prominent scien- 
tists in the early years of the nineteenth century 
discussed suitable means of communication with 
the residents of other planets, proposing the 
language of mathematics the universal 
language. Today we read in the press that scien- 
tists of our day 


as 


listen for intelligible messages 
among the radio signals from outer space. 

Is this urge of man to explore and to know a 
sufficient reason to explore space? Certainly it 
is one of the New knowledge of the 
universe has in the past always been found to be 
a gold mine output had continuing 
repercussions on man’s life on earth and on his 
intellectual and spiritual horizons. These later 
effects were at the time completely unforeseeable. 


reasons. 


whe se 


The exploration of space promises knowledge 
which can almost immediately be exploited for 
the economic and social benefit of mankind. The 
rich treasure returned promises to be a_ potent 
force in the affairs of men, as real as gold from 
the world in the seventeenth century, or 
spices from India, or furs from the far North. 
The developments of meteorological and com- 


new 


munications satellites are examples of peaceful 


uses which advance human welfare. Perhaps the 
greatest economic treasure is the advanced tech- 
nology required for more and more difficult space 
missions. This new technology is advancing at 

rate. Its benefits are spreading 
throughout our whole industrial and economic 
system. 


a meteoric 


It is generally believed that space exploration 
will make great contributions to national defense. 
As in the early days of the airplane, we find it 
difficult to visualize the military applications of 
space craft beyond the near future. We foresee 
the use of space craft in disarmament inspection 


systems and in early warning systems. We are 
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confident that other applications will develop. 
Some see new arena of battle and 
conflict between nations and races. Certainly in 
the current cold warfare the rate and scale of our 
space activities are determined in large part by 
their probable political and psychological impact. 

Some see space as a land of promise, where 
the nations, having failed to accommodate their 
differences on earth, may work together in the 
exploration and_exploitation of space for peaceful 
purposes and for. the benefit of mankind. Con- 
gress has in fact declared that such is the policy 
of the United States and created a special agency, 
the National Aeronautics and Space Administra- 
tion, to implement that policy. We, in NASA, 
are convinced that every possible effort should 
be made to secure the cooperation of other na- 
tions. 


space as a 


The task of space exploration is global 


in Mature; it requires large resources; and_ its 


HUGH L. 


DRYDEN PROC. AMER. PHIL. SOC, 


needs are better matched by the resources of the 
whole world than by those of one nation. 


CONCLUSION 

In summary, space will be explored for many 
reasons—scientific, economic, military, political. 
The question is not why, but when, and by 
whom? Its exploration with the powerful tools 
of satellites and space probes has already begun. 
Man himself is the most versatile observer of 
all and will take part in the exploration. We may 
be confident that in time travel will be 
commonplace, although we are unable to forecast 
the details of future space craft or the timetable 
of their development. As Wilbur Wright indi- 
cated long ago: “But it is not really necessary to 
look far into the future; we see enough 
already to be certain that it will be magnificent. 
Only let us hurry and open the roads.” 


space 


too 
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INTRODUCTION AND ACKNOWLEDGMENTS 


In the summer of 1955, Fish Northwest Con- 
structors, Inc. received approval from the Federal 
Power Commission to proceed with construction 
of the Pacific Northwest Natural Gas Pipeline. 
Plans called for a transmission line that would 
stretch some fifteen hundred miles through por- 
tions of seven western states from northwestern 
New Mexico to the Canadian border in western 
Washington. The route would traverse much 
federal land where the Antiquities Act could be 
enforced, and Nusbaum, Consulting 
Archaeologist National Park Service, 
He contacted K. C. 


Jesse L. 
with the 
was advised of the project. 
Biederman and other officers of the pipeline 
corporation, and they reached agreement 
whereby archaeologists would be hired by the 


an 


company to ensure the location and salvage of 
all antiquities in the path of construction, 
During the next fourteen months of construc- 
tion on the main line, nine archaeologists partici- 
pated at one time or another in the survey and 
salvage operations. The authors were privileged 
to spend a year in the field surveying almost the 
entire northwestern section of the route in Idaho, 
Oregon, and Washington. Our field) methods 
followed the general plan which called for an 
examination of the right-of-way on foot after the 
engineering crews had staked it, but before other 
phases of such clearing or 
When trenching of the right- 


construction, as 
grading, began. 
of-way was completed, we would then examine 
the trench for 


features. 


artifacts or 
Those sites endangered by any phase 


open sub-surface 
of construction were excavated immediately.’ 
Compared to the results achieved on pipelines 
in the Southwest.2 our findings in the 
Northwest Of 


Pacific 


were meager. course, this does 


1A detailed statement of the 
p peline salvage archaeology is 
archaeology (Wendorf, F., 1956). 
team, Mr. & Mrs, Albert Mohr, had 
located 110 sites along the southwestern portion of the 
Pacific Northwest Pipeline as of December, 1956. 
continued to find and to 
summer of 1957. 


problems involved in 
contained in’ Pipeline 


-()ne survey 


They 


salvage sites throughout the 
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not mean that this region lacks rich archaeological 
areas. For example, several large village sites 
with deep cultural in 
southern Idaho and southwestern Washington 
less than a mile from the pipeline route (Tuohy 
and Bryan, 1958). If the right-of-way had 
changed direction as little as a quarter of a mile, 
it would have given opportunity to excavate 
several of these sites. As it was, long sections of 
the route were more or less archaeologically 
sterile. One five-hundred-mile section of the 
forty-foot wide strip of right-of-way in southern 
Idaho and northeastern Oregon vielded only a 
few isolated artifacts and one large open site. 
This paper is a report on that site, an extensive 
basalt quarry in northeastern Oregon. 

The authors wish to express their gratitude to 
the management and employees of the Pacific 
Northwest Pipeline Corporation, all of whom 
evinced a keen interest in archaeology and facili- 
tated their work in countless ways. Above all, 
we indebted to Jesse L. Nusbaum, our 
supervisor, who conceived the salvage project 
and saw it through from the draughting board 
until the last mile of trench was checked. We are 
also indebted to Dr. Douglas Osborne, formerly 
of the University of Washington, who recruited 
most of the archaeologists involved in the project. 
and acted as coordinator of salvage activities in 
the Northwest. Dr. Richard Forbis, now with 
the Glenbow Foundation, and Mr. Robert. H. 
Crabtree, now at the University of Arizona, our 
colleagues on the pipeline project, also contributed 
to this report by collecting some of the specimens 


deposits were located 


are 


described herein, and by tempering some of our 
more speculative interpretations. 

In preparing the manuscript, we received help 
from a number of individuals. To Dr. William 
C. Massey, now at the University of Florida, be- 
longs the credit for the excellent photos of the 
artifacts. With the exception of the diagram- 
matic map which was drawn by the junior author, 
all drawings were executed by Mrs. Arlie G. 
Ostling. i 


The initial identification of the quarry 
materials was made by Mrs. Mary Strawn, and 
the petrographic analysis was made by Pro- 
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fessor Andrei [sotoff, both of the Geology De- 
partment at Idaho State College. Dr. Hallam L. 
Movius, Jr.. of Harvard University examined 
several of the quarry specimens and illuminated 
our more obscure thoughts on stone chipping. 
Mr. Donald Lathrap, also of Harvard, read and 
criticized an earlier version of this report. Dr. 
Karl H. Swanson, Jr., Director of the Idaho State 
College Museum, undertook the onerous task of 
preparing the manuscript for publication, and 
Dr. A. V. Kidder kindly edited the final draft. 
‘To all of these individuals we express our deepest 
appreciation. 


LOCATION 


The 
prominent spur of the 


site is on the undulating summit of a 


Blue Mountains near the 
Union County, 


some ten to 


geographic center of Oregon 
(he TT). "The fifteen miles 
wide, extends in a northeasterly direction until 
it merges imperceptibly with the foothills of the 
Wallowa attain the great 
heights of the mountains it connects, which often 
reach elevations of 8,000 
some 4,000 feet level, and 
300 to 500 feet above the general level of the 
two river basins flanking it. Although it is a 
relatively low relief feature, it divides the drainage 
of the 
of the 
These 


spur, 


Range. It does not 


feet or more, but it 


does rise above sea 


Powder River to the southeast from that 
(irande the northwest. 
formerly lakes 
(Kocker, 1926), and the spur between them has 


Ronde River to 


two river basins were 
long been of value to man, providing both a 
favorable area for occupation and a = route of 
travel. One branch of the Old Trail, 
previously a major aboriginal trade route, clung 
to the top and edges of the tableland in order to 
avoid the basin Even now, the water 
table foot of the surface in 
parts of both basins, and modern transportation 


Oregon 


swamps. 
remains within a 
and communication arteries pass over the spur. 


ENVIRONMENT 


As Cressman has pointed out (Cressman, 1942: 
13), one of the better methods of indicating the 
environmental characteristics of 
enumerate the life zones. These zones not only 
reflect the climatic conditions of the present time, 
but they are important in determining the types 
of flora and fauna available to the aboriginal in- 


any area is to 


habitants for food and implements, at least during 
some of Medithermal time (2000 k.c. 


According to Vernon 


to present). 
Jailey’s map ofthe life 
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zones of Oregon (Bailey, 1936: map 1), the spur 
upon which the quarry site is located would fall 
within the Semihumid Division of the Transition 
Zone. This found on the northeast 
slopes of mountain ranges in northeastern Oregon 
2.300 to 4,800 feet. The Semihumid 
Division of northeastern Oregon is characterized 


zone 1S 
from 
by stands of ponderosa pine, occasionally inter- 


spersed with tamarack and western 
birch. Willows and a= variety of shrubs 


western 
low 
The average annual 
precipitation is approximately twenty inches, and 
the climate is generally sufficiently cool to allow 


thrive along stream courses. 


a fair depth of snow to remain on the ground 
during winter months. Rocky Mountain mule 
deer, Rocky Mountain elk, Klamath chipmunk, 
Yellow-bellhied chipmunk, Oregon and Golden- 
mantled ground squirrels are a few of the ani- 
mals typical of Transition Zone fauna. 

This brief sketch indicates that 
quite suitable for permanent aboriginal occupa- 
tion, seasonal pursuit of large and small game, 
We do 
that a portion of the site served as a campground, 
but there is no evidence that wild plant foods 
were gathered and processed. 


the area was 


and yarious foraging activities. know 


ETHNOGRAPHY 


Very little is known of the protohistoric peoples 
of northeastern Oregon. There are conflicting 
reports concerning tribal movements and _territo- 
ries (cf. Teit, 1928; Berreman, 1937; Ray, 1938). 
As the artifacts recovered from the 
Stockhoff site suggest utilization of the area long 
before historic times, it seems of little value to 
the about tribal territories 
other than to say that the spur containing the site 
generally is conceded to have been the boundary 
the Sahaptin-speaking the 
Grande Ronde Valley and various Shoshonean- 
speaking bands of the southern Plateau. Thus, 
either of these groups could have exploited the 
resources of the area during protohistoric times. 


types of 


discuss controversy 


between Cayuse of 


SITE DESCRIPTION 


Rounded nodules and flat slabs of fine-grained 
glassy basalt and chipping detritus were found 
both on and off the pipeline right-of-way near the 
headwaters of Ladd Creek, one of several small 
perennial streams which drain the rolling vol- 
canic spur between the Grande Ronde = and 
Powder Basins. The main body of the site, 
which is on the property of Mr. Gene Stockhoff, 
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extends roughly three miles in a_ southeast- 
northwest direction, or from a summit overlook- 
ing the Powder Basin to a point about two miles 
beyond the intersection of the pipeline with U.S. 
Highway 30 and Ladd Creek. Artifacts were 


particularly numerous near a small tributary of 


) 


Pic. 2 


196-40’ to 45’; d, Feature 1, basalt spalls forming a 
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View of the quarry on the right-of-way showing unworked basalt nodules; >, ° 
line of the pipe trench, 197-15’ to 20’ in the foreground, 197-95’ to 100’ in the distance ; 


circular 
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Ladd Creek north of the Stockhoff ranch house. 

A secondary extension occurs near the mouth 
of Ladd Creek canyon in the southwestern sector 
of the Grande Ronde Valley. Many dense basalt 
nodules were carried downstream and deposited 


at the mouth of the canyon. These were utilized, 





Pest Squares on the center 
c, Excavation of square 
structure, 
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and a few artifacts and many flakes were found 
on the alluvial fan. 

Only one habitation site was found during the 
intensive examination of the area. This is located 
just south of the confluence of Ladd Creek with 
a small tributary in the Stockhoff ranch yard and 
corral. Shelter from the strong winds which blow 
across the summit of the ridge is here afforded, 
but in winter snow may drift several feet deep. 
The habitation site is a mound approximately five 
and a hundred 
meander of Ladd 
Creek, and probably accumulated as a result of 
Mr. Stockhoftf that 


of charred as deep 


feet high, two hundred feet long, 


feet wide. It abuts an old 


aboriginal occupation. said 
he h i I 


as three 


round “beds sticks” 
ditch for a water 


line through the mound, and his son had picked 


feet while digging a 


up several small points, described later, from the 
same area. Basalt nodules and chipping detritus 
were also found near the mound, indicating that 
the quarry bevond the 

forested hill fifty 3 
The mound may well hold the key to the 


and 


extends mound to the 


base of a about vards to the 
West 

cultural chronological relationships of the 
Without its excavation our collection. of 
and test 
squares on the pipeline right-of-way can tell only 


a partial 


quarry 


artifacts from the surface from. the 


story of the activities of the former 


OCC upants 
FEATURES 


Qn the summit of an exposed rocky ridge 


quarry, Mr 
Stockhotf showed us an unusual circle of large 


bevond the southern limits of the 


natural spalls of crystalline basalt. The spalls 
had been placed to form a ring with an outside 
diameter of 3.5 feet, an inside ses 
feet and 
(fig. 2d). 


grouping on a nearby hill. 


diameter of 
te mort 
similar 


a height varving from 0.3 to 0.7 


He said he could show us a 
The purpose of these 
known 


Is net 


EXCAVATION 


Because the pipeline right-of-way had not been 
leased when the site was discovered, permission 
to excavate had to be obtained from Mr. Stockhoff. 
Before excavation of the test squares was begun, 
the center line for the pipe, previously marked 
by builder's lath set 200 feet apart, was defined 
by stringing a chalk line between several stations 
on the route. The squares were then staked out 
with a compass, tapes, and additional chalk line. 
The squares were designed to test for features not 
apparent and for 


from the surface evidence of 
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occupation. Eight squares were excavated, but 
six were completed to. sterile soil. The 
squares ranged from 35 to 365 feet away from a 
small tributary of Ladd Creek which bisects the 


only 


site, and they were given numbers corresponding 
to the station numbers of the engineering survey. 

In the square nearest the stream (sq. 197—95’ 
100’, fig. 2), the water table appeared at 3.5 feet 
before sterile soil was reached. The upper two 
feet of this square was composed of humus or 
black loam) which became lighter in color with 


depth. 


facts. 


This stratum contained most of the arti- 
Alternating lenses of water-sorted material, 
varying in size from coarse pea gravel to fine 
The lack of 
minute chipping or other signs of water rolling 


sand, comprised the lower strata 


on the waste flakes indicates that original deposi- 
tion must have been nearby. Rechanneling by 
the stream may explain this type of redeposition. 
Hundreds of basalt flakes came from these water- 
sorted strata, but only two tools were found among 
blade and retouched flake. 
Klecks of charcoal were present in all levels, but 


them: a base one 
only one radiocarbon charcoal sample was_ col- 
lected. It came from the 3.5 foot level of the 
and the produced a 


figure of 2,600 before the present. 


radiocarbon 
200 


square, assa\ 


vearTs 


The square also vielded a half dozen waste flakes 


of obsidian and one of jasper. 

The uppermost layer, black topsoil, varied more 
than two feet thick in the test square nearest the 
stream to 


than six inches in. the 


tarthest from the stream. 


less square 
Beneath the topsoil was 
a foot thick bed of tough, dark clay containing 
unworked basalt nodules. This dark clay merged, 
at a depth of about two feet, into an underlying 
laver of vellow clay which apparently had weath- 
ered sub-aerially from the basalt bedrock.  Re- 
deposited lenses were not present, and basalt flakes 


were not numerous in these lower strata. 


ARTIFACTS 


Virtually all the 165 artifacts were surface finds. 
Only 38 were recovered from the test squares, and 
1.0 foot beneath 
The excavations showed that 


most of these came from 0.5 to 


the surface. some 


of the smaller artifacts, such as point fragments 
and retouched flake scrapers, were more numerous 
at greater depths. Cores and nodules which came 
from the vellow clay stratum are larger, however, 
The 


vertical distribution of the material apparently has 


and their position may be due to settling. 


little cultural significance. Of more importance is 
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its horizontal distribution. Obsidian points were 
found only in the vicinity of the occupation area in 
Mr. Stockhotf’s corral. With the exception of five 
small redeposited flakes of obsidian and one of 
jasper, all from a single test square, the material 
from the quarry was exclusively fine-grained 
glassy basalt. 

The test excavations also demonstrated that un- 
like most quarries in North America (cf. Holmes, 
1919), the deposits of nodules and 


refuse were shallow and widely dispersed. 


workshop 
This 
ditference, of course, only reflects the nature of 
the geological deposition of fine-grained basalt 
nodules. They occur as a layer of elongated oval 
to flat cobbles which superficially appear to have 
been rounded by rolling. 
they 


It seems unlikely that 
were redeposited, since all adjacent basalt 
flows contain aggregates of macroscopic minerals 


markedly different in texture. Nodules of fine- 


grained quarry material are somewhat vesicular, 


indicating that they are from the surface of a 
flow. The petrographic analysis by Professor 
Andrei Isotoff revealed that the glassy ground- 
mass 1s composed of microlites of sodic labradorite 
showing trachytoid texture, and a few phenocrysts 
of augite are seen in the section. 

Because the site is a quarry devoted to the 
manufacture of chipped basalt tools, we had con- 
sidered classifying the artifacts according to the 
apparent stage of manufacture. This scheme was 
suggested by the unfinished form of the artifacts, 
many of blade 


“blanks.” This scheme was rejected for want 


which are percussion chipped 
of an adequate series from the crude “blank” to 
the finished lanceolate blade. Most finished arti- 
facts, in fact, appear to be too small to have been 
reduced from large “blanks.” 

Another possible classificatory scheme was con- 
sidered when we discovered in the laboratory that 
a threefold division of the artifacts could be made 
on the basis of the presence or absence of a light 
patina on chipped surfaces. The color of the 
chipped indicated that artifacts 
were made more recently than others, and_ that 
some of the relatively older implements had been 
reworked. 


surfaces some 


By classifying them on this basis, we 
might have produced a relative chronology for 
three lots of implements from the site, something 
our test excavations could not do. 

‘Thin, parallel-sided prismatic blades were not found 
at the quarry. The term “blade,” as we use it, refers 
to large ovate or leaf-shaped The term 
“blank” refers to the presumed state of 
the blades 


specimens. 
unfinished 
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After due consideration, this scheme was also 
rejected. First of all, if our judgment of the 
relative amounts of patina on the artifacts were 
erroneous, Our speculations concerning the relative 
chronology of the surface implements would 
burden future work at the site. Secondly, there 
were indications that our subjective judgments of 
the surface color of chipped surfaces would be 
erroneous ; 


a: 


some specimens were made of a light 
gray basalt resembling the patina color on other 
specimens, and others exhibited chipped = surtace 
patina on only one face. Thirdly, we could not 
be certain under what conditions the process of 
oxidation had operated to form the patination. 
Varying amounts of time of exposure and burial, 
which must be correlated with rate of patination, 
are unknown factors at any site subject to wind 
and water erosion. 

We finally decided to use a classificatory scheme 
based upon the form of the artifacts, and to rel- 
egate comments on surface patina to a 
sion” 


“discus- 

We recognize two 
those which exhibit 
overall flaking on both faces, and those with flaking 
predominantly on one face. 
apparently 


section of each type. 


major classes of artifacts: 


All 165) specimens 
were designed to be used ultimately 
as cutting, scraping, chopping, or piercing tools. 
Hammerstones i 
not identified. 


were not found or at least 
There is 
pressure flaking, though some specimens do ex 
hibit fine low-angle flaking 


obviously percussion flaked. 


were 
no definite evidence of 
while others are 
Some show signs of 
wear or use, but many may represent toolmakers’ 
“Blanks” and fragments 
of the latter group are of as much technological 
interest to the 


ideas which went awry. 
archaeologist as well-made or 
finished forms, and we include all specimens in 
our classification. Dimensions of the artifact types 
width 


+ 1) 
OLLOMW 


and sub-types are presented in a length 
x thickness formula, and _ all 
the order of that formula. 


dimensions 


POINTS 


This group is represented by twenty-nine speci- 
mens, only four of which are complete. The points 
have two characteristics in common: they are 
relatively small and thin—only one exceeds 18 mm. 
in thickness, and all of the finished forms have been 
carefully retouched by removal of low-angle per- 
flakes from one or both faces. Several 
have a flattened rhomboidal cross section, formed 
by concentrating the retouching blows on one side 


cussion 


of one edge and the opposite side of the other 
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edge. This section apparently results from = turn- 
ing the artifact over in the palm of the hand in 
order to reduce the bulk of the blocked out inple- 
ment. The remaining artifacts are lenticular to bi- 
In section 
The 
plano-convex in section, and may represent un 
finished All are made of basalt with the 
exception of three pressure-flakedyobsidian points 
recovered from the Mr. 
Stockhotf’s son, 

Notes on 
in the field, and the descriptions are not complete. 
Two of the were small, 

Both 
The third 
fragment of a triangular point of obsidian, origi- 
It had 
One basalt point in the Stock- 
hoff collection was triangular with straight sides 
and notches. It 
stemmed form with the base narrow than the body. 


CONVEN “biconvex” indicating greater 


thickness unifacially chipped points are 


torms 


occupation area by 


points from the midden were made 


obsidian points side- 


notched, triangular specimens. were ap- 


proximately 37 mm. long. was a 


nally about 77 mm. long. a straight base 
and parallel sides. 
basal as well as corner Was a 
This series from the occupation area is readily dis- 
from. the 
that 
excavation of 
the vecupation mound could clarity this problem 


tinguishable im form and size 
Thus it 


distinct groups are represented. 


quarry 


likely culturally 


material seems 


Biface Point “Blanks,” 
(2), fig. 4d, 

The illustrated example is triangular in 

outline with excurvate sides and a slightly indented 

hase it: is The 

specimen is ovate in outline and strongly biconvex 


Complete 
/ 
Sample 
Form 
ienticular m section. secon 

to irregularly angular in section. 
Sise: 39 14 mm, and 63 x 33 x 
Technique soth are relatively 


ae 18 mm 
thick, crudely 
percussion flaked point blanks; retouching 1s held 


to a minimum. The specimens may have been 
discarded because of their unwieldly thickness. 

Provenience: Both were surface finds. 

Discussion: One face of the illustrated example 
contains part of the original cortex of the parent 
nodule. The other has light red stains covering 
both faces. 

Biface Points, Complete 
Sample 


Form: 


(Dic he, Be. 


edges. |.enticular in section. 
Size: 97 X 47 X 9mm. 
Technique: Well-chipped percussion flaking. 

Provenience: Excavated. 

Discussion: Slightly asymmetrical outline. 


[sosceles triangular shape with excurvate 
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Biface Point Fragments, Tip Ends 
Sample: (13), fig. 4e, f; 
Form: All have excurvate edges and flattened 

rhomboidal sections. 
Sise: They range from 114 x 45 x 9 mm. to 
31 x 28 X 6 mm. 


fig. 9a, b. 


Technique: The tips are well made, and both 
faces exhibit fine, low-angle percussion flaking. 
All have transverse fractures at a right or an 
acute angle to the point. 

Provenience: Seven of the tips were surface 
finds; the other six came from the test squares. 

Discussion: Some of the specimens seem too 
large to have functioned as projectiles. They 
may have been intended as knives. 


Biface Point Fragments, Bases 
Sample: (7), fig. 4a, b,c; 
Form: All lack have 


excurvate bases and excurvate, converging sides. 
One (fig. 


fig. Sa. 
specimens stems. Five 
4h) has a straight base and more or 
Another (fig. 8a) 
has a slightly incurvate base and corner notches. 
The 
section. 

Sice: They: range from 40 x 37 x 9 
48 x 57 X99 mm. The distinctive 
example is 87 & 63 * 9 mm. 

Technique: Low-angle retouch flaking 
nates both faces. 

Provenience: All but surface 
The side-notched point was excavated. 


less straight converging sides 


specimens are lenticular to biconvex in 
mm. to 


side-notched 
domi- 


two were finds. 

Discussion: The specimens also exhibit un 
worked ends at the cross fractures. Three sub- 
types might be delineated : triangular with straight 
hase and straight sides; leaf-shape with excurvate 
base and sides; and symmetrical leaf-shape with 
slightly concave base, cerner notches, and ex 
curvate sides. 
form 


The latter is the most distinctive 
site. Similar 
found at sites in central Idaho. 


from. the forms have been 


Uniface Points, Complete 


Sample: (3). fig. 3a, b, ¢. 
Form: Two specimens have pointed oval out 
lines, and the third (fig. 


triangular outline. 


3b) has a curved to 


One of the oval specimens 


has very slight side notches. All are plano-convex 


in cross. section. 
Sise: They range 

84 x 46 x 10 mm. 
Technique: 


from 48 x 32 x 7 mm. to 
All are plano-convex flakes which 


have been retouched predominantly on the convex 
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A minimum of a half dozen or so flakes 

have been removed from the planar faces. 
Provenience: 


faces. 


Two examples were excavated, 

Discussion: The artifacts might have been de- 
signed as oval flake knives, but it seems more 
likely that they were intended as projectile points. 
The retouching scars on one specimen are ap- 
parently more recent than the other chipped sur- 
faces. We recognize two sub-types: pointed oval, 
and curved to triangular. 


Uniface Point Fragments 


Sample: (3), not illustrated. 

Form: One is a tip with asymmetrical sides. 
One is a broken ovate point with one side and 
the base missing. The third is a basal fragment 
with diverging, notched sides. All are plano- 
convex In cross section. 

Sise: They range from 70 x 32 > 
65 x 45 x 11 mm. 

Provenience: Two were excavated. 

Discussion: All exhibit fractures, and 
they were probably broken during manufacturing. 
The planar face of one specimen is composed of 
the cortex of the parent nodule. 


10 mm. to 


CTOSS 


This specimen 
also has retouching scars on one edge which are 
more recent than other chipped surfaces. 

BLADES AND 


BLADE BLANKS 


This group is composed of 73 specimens, the 
most numerous group of artifacts from the site. 
The 
remainder is composed of complete blade “blanks” 
and blade “blank” fragments. 
tinguished from “blanks” 


Only two complete blades were recovered. 


Blades were dis- 
on a subjective basis. 
Generally, blades are well made, and they exhibit 
controlled retouching on both faces. Conversely, 
“blanks” are rather large, thick, and crudely per- 
flaked. 
chipped forms are present, and the latter are 
more numerous. 


cussion Both unifacially and_ bifacially 


Biface Blade Blanks, Leaf-Shape 


Sample: (12), tig. 5d, e. 

Form: All have leaf-shaped outlines. 
and with the 
breadths occurring nearer the than the 
mid-points. All are biconvex in sections. 

Size: The largest measures 212 x 98 x 30 mm., 
and The smallest is 
135 X 71 XK 23 mm., and weighs 9 oz. 

Technique: Percussion flaking. 

Provenience: All were surface finds. 


Sides 


bases are excurvate maximum 


bases 


weighs 1 lb. 9 oz. 
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Discussion: Six specimens exhibit a light pati- 
nation on all surfaces. They represent a single 
type of blade “blank,” designated as leaf-shape, 
following Smith's (1954: 15-26) suggestions for 
distinguishing leaf-shape from ovate forms. 


Blade 


Sample: (60), fig. 6b, ¢, d, e. 
Form: Four of these specimens are oval in 


Biface Blanks, Oval 


outline, and the other two have pointed oval out- 
lines. All breadths occur approxi 
mately equidistant from the tips and bases. In 


maximum 


section, the specimens are biconvex to angular. 
All have median ridges on one face. 

Size: The smallest is 164 x 60 x 23 mm.. 
weighs 9 oz. 


and 
The others range slightly above 
these figures. 

Technique: All are percussion flaked with large 
flakes removed from both faces and most edges. 

Provenience: The example in figure 6 was ex- 
cavated. The remainder were surface finds. 

Discussion: The chipped surfaces are lightly 
discolored by Two 


oxidation. sub-tvpes are 


recognized: oval and pointed oval. 
Biface Blade Blanks, Bipointed 
Sample 
Form: The specimens are bipointed. 


(6), fig.-3a, b> fig: 7. 
Some are 
keeled, others have lenticular cross sections. 


Size: The range is from 170 X 67 X 25 mm. 
to 244 k 98 « 38 mm. Weight ranges from 12 
oz: to 1 Wh... 7 0z. 


Technique: Large percussion flakes have been 
both 
The tips do not show signs of use 
or wear, except for unidirectional battering on the 
end of one specimen (not illustrated) and edge 
of another (fig. 7), in the unsuccessful attempt 
to eliminate the cortex. 


removed from the edges of faces on all 


specimens. 


Provenience: One specimen came from the 
mouth of Ladd Creek Canyon in the Grande 
Ronde Valley. The remainder surface 
finds in the vicinity of the Stockhoff Ranch. 

Discussion: All have equal patination, except 
one which lacks patina. 


were 


Biface Blade Blanks, Triangular 


Sample: (4), fig. 6f. 

Form: They are triangular in outline with 
either straight or excurvate sides and angular to 
biconvex in cross section. Some have unreduced 
tips. 4 

Technique: All are percussion flaked. Uni- 
directional battering, apparently for the purpose 
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of reducing the core faces, is evident along the 
edges of some specimens 


yg 
Sise: The illustrated specimen is 152 110 
30 mm.; weight 1 Ib. 3. oz. 

\ll were surface finds 

\lthough they are pointed, the 
tips are not worn, and these heavy 


Provenience: 
Discussion 

inplenents 
cannot be They 


considered as— picks actually 


may be cores. One has a light patina on one 


entire face only; the other specimens are darker 


in color, and were probably flaked more recently. 


Biface Blade Blanks, Fragments 


Sample: (13), fig. Se. 


Form: These are fragments of blade blanks 
rounded 
convex to angular in cross. section 

sie: FOS S57 X20 145 


inh. 


with pointed or ends, They: are bi 


mim. to 120 x 20 


Technique: They have been percussion flaked, 
The tips of the 
pointed specimens do not show wear, nor do any 


and all exhibit cross fractures 


of the other faces and edges 
Provenience: Four were recovered in different 

test squares; the remainder were surface finds. 
Discussion: Five examples including the lus 

trated specimen have acquired a light patination 

on both chipped faces. and they appear to be 

relatively older. 

Blade § 


Biface 
? 


Sample: (3). fig. 4h, t. 

Form: The specimen in fig. 40 1s oval in out- 
line. The one in fig. 4/4 is irregular to polygonal 
in outline. Both are biconvex in cross section 
Size: The one in fig. 47 is 108 X 61 K & mm., 
The other 
126 x 55 & 11 mm., and weighs 5 oz. 


and weighs 3° oz. specimen is 

Technique: The specimens show repeated at 
tempts at thinning by the removal of flakes from 
the edges. The base of the specimen in figure 4/1 
may be missing, and the tip of the specimen in 
47 is missing. Retouching on the former. speci- 
men shows less control. 

Provenience: Both were surface finds. 

Discussion: Both lack patina: all flaking scars 


are fresh. One sub-type can be distinguished, 


which we call oval. 


Biface Blade Fragments 
Sample: (5). tig. 4g, J. 
Form: These specimens vary in form. Two are 
pointed blade tips having excurvate sides (fig. 
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ty Ke 


shaped, as would one of the blade bases. 


This specimen, if complete, would be leat- 
The 
specimen in figure 47 may be either an oval tip 
blade. 
are either lenticular or biconvex in cross section 
Size: They range from 85 x 58 K 15 mm. to 
100 x 46. XO 
Technique 


or a basal fragment of a The specimens 


Mi. 


All specimens are well made and 
many low-angle flakes have been removed from 
both faces. All 


or acute angles to the long axis. 
Only 


exhibit cross fractures at right 


Provenience the example in figure 4g 
was excavated. 

Discussion: Each specimen has a light surface 
both 


although it 1s 


oxidation on faces. Sub-types cannot be 
apparent that these 
specimens were once parts of leaf-shaped or oval 


blades 


delineated, 


('niface Blade Blanks. Oval and Leaf-Shaped 


Sample 
Form: Two, including the illustrated specimen, 


(5), fig. 31 


have leat-shapes; the others are more nearly oval 
Iipoints. All are plano-convex in cross section, 

Sise: The 
LS 68 14 and 
largest measures 137 X 91 


smallest (fig. 37) measures 


The 


17 mm., and weighs 


mim., weighs 7 oz. 

9 oz. 
Technique: All specimens exhibit the original 

parent nodule on the 


Retouch 1s 


cortex of the upper or 
limited to this 
except for the perimeters of the planar faces or 
some specimens from which a few flakes have 
heen removed. 


convex face. face 


Provenience: All save one were surface finds. 


Discussion: Two  sub-types are recognized : 


leaf-shaped and oval. Flake scars on one example 
are fresh. The chipped surfaces of two speci 
mens are lighter in color, and one is made of a 
hight gray basalt. 


U'niface Blade Blank, Large Oval 


Sample 
Form 


(1) -he. Sf. 
It has a pointed oval outline and plano- 
CONVEX Cross section, 

Sise: 224 x 100 x 37 mm. It weighs 1 Ib. 7 oz. 

Technique: Large percussion flakes have been 
removed from the convex face. 
retouch. 


All edges show 
some One edge has been battered by 
repeated attempts to create a striking platform for 
thinning. = Both 
surfaces. 
Provenience: 


tips retain unreduced cortex 


A surface find. 
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Discussion: Both faces are patinated. The 


specimen is a sub-type of a pointed oval blade 


blank. It is described separately because of its 
size. 
Uniface Blade Blank Fragments 
Sample: (7), not illustrated. 


Form: These are triangular-shaped tips or odd- 
ments with excurvate edges and plano-convex 
sections. 

Sise: They vary 
158 x YS & 33 mm. 


Technique: 


from 90 x 75 x 15. mm. to 
All are percussion flaked; only two 
show evidence of retouch. 

Provenience: Two specimens were excavated. 
Discussion: Two examples are lighter in color. 
One 
ovoid flat specimen has an unreduced tip showing 


No typological distinctions are possible. 
the original cortex of the parent nodule. 


U'niface Blade Fragments 


Sample: (3), not illustrated, 
Form: Three blade tips made from flakes com- 
prise this group. 
They 
shaped blades. 


Sice: 84 x 64 x 


Technique 


All are plano-convex in cross 
are probably : 


section fragments of leat 
14 mm. and 84 
They exhibit 
some retouching on one face. 


70 X 14 mm. 
flaking and 
Two are 

The specimens resemble the bifacially 
retouched example in figure 4). 


overall] 
Cross- 
fractures. 
Provenience: Two were excavated. 
Discussion: One excavated specimen appears to 
have been made more recently than the others, 


hecause the chipped surfaces lack patina. Sub- 
tvpes are not discernible. 
Biface Cores, Large 
Sample: (3), fig. 6a. 
Form: Irregular-shaped cores with angular 
cross sections, 
Sise: The illustrated specimen is 167 x 100 


35 mm. It is thinner than the others, but weighs 
| Ib. Ss OZ. 

Technique: Thick percussion flakes have been 
removed from all faces. 

Provenience: All were surtace tinds; one came 
from near the mouth of Ladd Creek in the Grande 
Ronde Valley. 

Discussion: One specimen has a thick surface 
The 


patina but they have been reworked. 


patina on both faces. others show some 
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Biface Cores, Small 


Sample; (5), not illustrated, 


Form: They are ovate in outline with median 
ridges on both faces. 

Size: The smallest fragment is 100 x 47 x 19 
mm., and it weighs 4+ oz. The largest is 95 « 64 

22 mm., and weighs 5 oz. 

Technique: Percussion flaked trom both sides 
of both edges, 

Provenience: All were surface finds. One came 
from the right-of-way about a mile southeast of 
Ladd Creek. 2 

Discusston: These may be fragments of small 
blades, but because they lack definite form, and 


because they resemble cores, they are so classified 


OTHER TOOLS 


With the exception of one large core chopper. 
choppers, scrapers, scraper planes, and knives 
are made of large and small flakes. Only six 
choppers and an equal number of flake knives 
were recognized. — Forty-eight serapers of six 
types and three scraper planes make up the balance 
of the specimens in these categories. Some of the 
flakes used to make these tools are primary, others 
are secondary. They all have retemching scars on 
one or more edges. The uniface-biface division is 
made, and there are more unifaces than bifaces. 
Some of the smaller scrapers were probably held 
between the thumb and fingers while in use, but 
the larger forms could be grasped) more con 
veniently by the whole hand, 


Biface Core Chopper, Prismatt 


Sample: (1), fig. 4/. 

Form: This semi-lunar-shaped specimen has one 
straight unworked side, and one long excurvate 
edge. It has a wedge-shaped cross section. 
Sise: This is one of the largest implements from 


the site. It 100 » 


measures 200 17 mm., and 


weighs 2 Ibs. 5 oz. 
Technique: The parent nodule was spalled to 
wedge form by removal of percussion flakes fromm 
both 


use battering. 


sides. The working edge shows signs of 


Provenitence: A surtace find. 

We 
have called the type “prismatic” following Morris 
and Burgh (1954). 


Discussion: The specimen lacks patina. 
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Bilace Choppers, Thick Flake 


Sample: (5), fig. 4k. 
These tools are sub-rectangular to dis- 


outline, 


Feorm 
coidal in One face of each specimen is 
planar, but each exhibits over-all chipping. The 
Opposite faces have definite domes. 

31SEC 
105 


The range is from 74+ * 60 
105 
Technique 


14 mm. to 
28 mm 
The specimens have been bifacially 
flaked. 1 
domed. faces have steep edges produced by the 


removal ot high-angle flakes. 


percussion One or more edges of the 


Some show bulbar 
scars on the planar faces. 
Proventence \ll 


Discussion 


were surface tinds 


They all lack patina Two sub 


types are recognized; sub-rectangular and dis- 


coidal, 


Bilace Side SCrapers, Thi k lake, ( ONCATC 


Sample 
Form 


(5), not illustrated 
These are irregular to ovate thick flakes, 
plano-convex to biconvex in cross section. 

yy i 
160 


Thev range from 151 x 86 x 25 
143 
Technique 


min. to 
1S mm. 


\ll have one concave edge which 


shows. retouching incidental to use. Portions of 


other edges may be retouched also. 


Provenience: Only one was excavated. 


Discussion: These specimens mav be old flakes 
| : 


which have been reworked Many show an old 


surface patina. They may have served as chopping 
well as scraping tools. 
Biface 


Discoidal Scrapers 


Sample: (1), fig. Sb. 


Form: It has a dise-shaped outline and biconvex 


cross section 


Sise: OF X 56.-% T3:mm: 


Technique: The specimen was shaped by per- 


cussion. It also shows subsequent use chipping. 
Provenience: \ surtace tind 
Discussion: One of the better made tools from 


the site. 


l'niface Side Scrapers, Thick Flake 


Sample: (18), fig. 3h; fig. &e, 


Form: Sub-rectangular to ovate flakes which 


show retouching on one or more edges of one or 
both faces. They are plano-convex in cross section, 


except one with a wedge-shaped cross section 


( fig. Sc) 
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Sise: They range from 67 x 59 x 15 
i6l x 100 x 24 mm. 

Technique 


mm, to 
These specimens show percussion 
flaking on one side of one face. The opposite faces 
are usually planar. Retouching 1s also common 
on the latter faces. 

Provenience: All were surtace finds except the 
illustrated specimen in figure 3h, 
The illustrated 


made from spalls. 


Discussion. specimens were 


Uniface Scraper Planes, Thick Flake 
Sample. 


Form: The specimens are ovate flakes, plano 


(3 ry hg. SH, k 


convex in section 
Size:~Thev range from 94 * 76 x 27 mm. to 
152 < 143-28 Tan 
Technique: flakes 
moved from the excurvate edges. 


have been re- 


Planar 


High-angle 
faces 
are unmodified, 

Provenience: All were surface finds. 
Discusston: The specimen illustrated in figure 
3) exhibits fresh flake scars along one end and 
one edge. The specimens make up a single type 
of scraping plane. One thick tip on the specimen 
in figure 3% retains part of the original cortex. 


Thick Flake 


Uniface End Scrapers, 


Sample: (2), fig. 3g. 
Form unworked. 


The butt Both 
specimens have one planar and one convex face. 
Sise: The illustrated piece is 111 x 80 x 20 
mm, and weighs 5 oz, The other specimen is 
124 x 66 


Technique 


ends are 


20 mm. 


Both are flaked on one or more 

edges. 
Provenience: These specimens came from. the 

test squares 
Discussion: The illustrated specimen was made 


from a natural spall. 
(niface Side Scrapers, Thick Flake 
(21), not illustrated. 


Form: These are small irregular to oval flakes 
with one or more reworked edges. 


Sample: 


They vary in 
section from plano-convex to wedge-shaped, Some 
of the plano-convex forms have keeled back ; 

Sise: range from 23 x 24 x4 
52 X OF XS ni: 


They mm. to 


Provenience: Six 
from test squares. The remainder were 
Six of the latter came from the 


alluvial fan at the moutly of Ladd Creek Canyon. 


specimens were recovered 


several 


surtace finds. 
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ic. 3. Uniiacially chipped artifacts; a, b, c, Points; d, e, Flake knives; f, Spokeshave; 4g, 
End scraper; h, Side scraper; t, Blade “blank”; 7, k, Scraper planes. 
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Discussion: These retouched flake scrapers can Uniface Spokeshaves, Thin Flak 


2 


(Py fig. 3} 
working edges, and those with excurvate working Form: The specimen is a flake with one concave 


be divided into two sub-types: those with straight Sample 


edges \ll of the specimens from the alluvial fan) working edge and flat faces. 


have a light patina. Size: 96 X 54K S&S mm 


eABGIY 


Cc d e f 


h 


, | 


Fic. 4. Bifacially chipped artifacts; a, /, ¢, Point bases: d, Point “blank”; ¢, f, Point tips: g, Blade fragment: h, 
i, Blades; 7, Blade fragment; &, Thick flake chopper; /, Prismatic core chopper 
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d . f 


iG. 5. Blade “blanks” and fragments; all except f are bifacially chipped. a, b, Bipointed; 


c, Fragment; d, e, Leat-shaped; f, Large oval uniface 
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d e 


ic. 6. Bifacially chipped artifacts; a. Core; b, c, d. e, Blade “blanks” 
f, Triangular blade “blank.” 
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A surface find. 
The flake scars aroun‘l the working 


edge are fresher than the 


Proventence: 
Discussion 
scars elsewhere on the 


piece. 


blade “blank,” bipointed 


& 4 Bitace 
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Uniface Flake Knives, Thin Flake 


Sample: (6), tig. 3d, e. 
Form: These flakes are oval to pointed oval in 
outline, and plano-convex in section. 


Sise: They are larger than the thin flake side 
scrapers, ranging in size from 44 * 35 x 11 mm. 
(fig. 3e) to 84+ x 55 «x 14mm. 

Provenience: Four were recovered from. the 


test squares, and the remainder from the surface. 
Discussion: We recognize two sub-types of flake 
knives: oval and pointed oval. 


COMPARISONS 


In attempting to interpret our data, two limiting 
First, most of the quarry 
artifacts were surface finds, and apparently many 


factors are obvious. 


were discards. Secondly, we must, of necessity, 
go quite far afield to make comparisons. It is 
difficult to make valid comparisons with artifacts 
recovered at distant sites because our specimens 
are largely non-diagnostic. 

We will present such data as seem comparable, 
however, in order to vive the reader a context for 
We stress the 
point that these comparisons do not demonstrate 
Data of 
suggestions of re- 
The first class to be 
examined is composed of descriptions of similar 
artifacts inter 
montane second 


evaluation of the quarry material. 
ee hi | wat ao lie 
relationships, but merely suggest them, 
two classes, both containing 
lationship, will be presented. 


sites within” the 


from western 


The 


class of data deals with the similar range of artifact 


physiographic province. 
forms found at several quarries and stone work- 
shops throughout the United States. The geograph- 
ical propinquity of sites producing comparable 
specimens determines the order of discussion, 
Chipped stone artifacts, collected during an 
archaeological survey of the Snake River canyon 
between the Imnaha River and Brush Creek in the 
proposed reservoirs of the Mountain Sheep and 
Valley 1956) are 
similar to several of the finished forms recovered at 
the Stockhoff quarry. 


is about 75 miles east of the basalt quarry. 


Pleasant dam sites (Coale, 
This area in Hell’s Canyon 
The 
survey located 39 sites including temporary camps, 
workshops, house pits, rock shelters, and burial 
grounds. Surface collections of artifacts were made 
at all of the sites. Although tools made of extremely 
fine-grained basalt were rare, tools made of “trap,” 
or coarser-grained igneous and plutonic rocks, 
were common (Coale, 1956). 

We see specific resemblances to Coale’s non- 
stemmed triangular and ovate points made of 
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Well-made artifacts; a, Biface point base, notched; >, Biface discoidal scraper: 
c, Uniface side scraper, thick flake 
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Fic. 9 Large bifacially chipped points; a, >, Biface point fragments, tip ends; c, Biface point. 
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basalt and obsidian, leaf-shaped points with  side- 


basal notch combinations, large ovate biface 


“trap.” pointed oval 
blades, a single basalt knife with the greater width 
nearer the pomt than the butt, and other basalt flake 
and core implements classified as choppers and /or 


“scrapers” of basalt and 


cleavers. All forms are represented by very few 
specimens, except for Coale’s 37 large ovate Ii- 
face blades, and they were found together in a 
cache pit under conditions which suggested some 
antiquity. 

Coale also found types of artifacts not present 
at the Stockhoff quarry. Among these are a great 
many hammerstones, two pestles, one mano, two 
metates, “thumbnail” scrapers, and one grooved 
arrowshaft smoother. Most of these implements 
were found in association with house pits or rock 
shelters, whereas the majority of the cutting and 
scraping implements were found at) temporary 
camp sites or workshops. 
that 


and quadrilaterally 


Coale observed grooved cobbles and bi- 


laterally notched pebble net 
sinkers, associated with fishing activities on. the 
lower Snake and ubiquitous in that area, were 
entirely lacking in Hell's Canyon, as were con 
centrations of river mussel shells. He concludes 
attraction in the 


area and that with the exception of 


that hunting was the primary 


the cache of 
ae: 
37 ovate was discovered 


“serapers, “nothing 


which in any way sets off the aboriginal culture 
of this area from that of the Nez Perce and other 
Sahaptin areas of the 


1956: 


southern Plateau” ( Coale, 
25): 

The next body of comparative material to be 
examined comes from excavations in the McNary 
The work 


under the 


Reservoir area of the Columbia River. 
was carried out by Robert Crabtree 
The results of 
this work have not been published, but the data 
are available in Crabtree’s Master's thesis at the 
University of Washington (Crabtree, 1957). His 
report is largely concerned with two burial sites in 
the Middle Columbia area. 


on Rabbit 


supervision of Douglas Osborne. 


He excavated one site 


Island, which is located near the 


confluence of the Snake and Columbia Rivers in 
southeastern Washington; and he reexamined the 
cultural materials from) another site, the 
Potholes, in central Washington. 

On the basis of the data from these two sites, 
comparative material from the Lower Columbia 
area including the Wakemap excavations (Cald- 
well, 1956; Strong, Schenck and Steward, 1930), 
excavations in the Vantage region of the Middle 


burial 
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Columbia (Swanson, excavations in the 
MeNarv Reservoir (Osborne, 1958), and his own 
acquaintance with Plateau archaeology, Crabtree 


was able to sketch an outline of cultural sequence 


1959}, 


in the Middle Columbia region of the Plateau. 
that the 
riverine 


artifact as- 
south- 


demonstrates 
from 


Crabtree 
semblages, largely sites 1n 
eastern Washington, can be divided into two com- 
ponents which he terms Rabbit Island I and Rabbit 
Island II. Rabbit Island I] and other components 
make up his “Walula Gap phase.” He points out 
that the “Walula Gap phase” [ 
traits which are distinctive for the McNary region 
of the Middle Columbia, although the total as- 
traits both the 
Dalles-Deschutes area of the Lower Columbia as 
Caldwell (1956), Middle 
and Upper Columbia areas as defined by Swanson 
(1959). 

We see 


artifact forms froni the Stockhoff quarry and _ the 


1s composed ot 


semblage includes shared) with 


demarcated by and the 


specific resemblances between several 


assemblage of chipped basalt forms Crabtree as- 
signs to his Rabbit Island I component. Among 
the forms present with the Rabbit Island I burials 
and with related sites in the MeNary 
triangular points of 


Reservoir 


are small basalt, modified 


small triangular points (1.e., with straight to con- 


vex edges and straight to convex bases), large 


leat-shaped basalt blades, basalt flake choppers, 
and a few basalt chips. 


In comparison with the quarry site, the total 


t 
assemblage found at sites in the McNary Reservoir 


is much more elaborate, including such items as 
mauls, specialized bone tools, pentagonal points, 
other traits including worked 
shell ornaments and beads, and bone implements. 

that 


economic 


and a number of 


Crabtree believes hunting and gathering 
were the dominant 
Rabbit 
characterized by a_ basalt chipping industry pro- 


activities during 
Island [I times, and that this period is 


ducing small points and larger leaf-shaped blades. 
He also suggests that fishing and shellfish gather- 
ing activities were well organized but special fish- 
ing equipment was lacking until Rabbit Island I] 
times. In summary, he suggests that Rabbit I[s- 
land I can be equated in time with the Cold 
1950), 
the Frenchman Springs assemblage of the Vantage 


Springs assemblage (Osborne and Shiner, 


region (Swanson, 1959), and an unnamed Moses 
Lake assemblage (Daugherty, 1952). These as- 
semblages are tentatively ascribed an antiquity of 
from 1,500 to 3,500 vears of age, largely on the 


basis of Swanson’s estimate of geochronological 
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sequences in the Vantage region, and specifically 


upon 


Swanson’s Frenchman 


(Crabtree, 1957). 


Springs phases 


Moving now to east-central Oregon for our 
comparisons, we shall briefly examine the data 


collected by Osborne and others during a surface 
survey of the Benham Fall Reservoir area, Des- 
chutes County, Oregon (Osborne, 1950). The 
Benham Falls Reservoir is more than two hundred 
miles southwest of the Stockhoff site. The SUrVE\ 
located 31 campsites, and the archaeologists col- 
lected 138 artifacts from the surface of these sites. 
Most of the tools were chipped stone forms made 
of a fine black obsidian, but a few scrapers and 
choppers of fine-grained basalt were also found. 
European trade material was not present at any 
of the sites, and most of the artifacts had a slight 
patina. We see general similarities between the 
Stockhoff specimens and several of the scrapers, 
choppers, knives, and blades from Benham Falls, 
but few resemblances in point types, which for the 
most part seem to be peculiar to that region. 
South of Benham Falls at the Wikiup damsite, 
(1937) found two 
pointed, oval “knife-serapers” 


Cressman large, thin, bi- 

] basalt. 
These would be called biface blades in our classifi- 
cation 


or g 


ass\ 
The larger of Cressman’s two examples 1s 
approximately the same size as a specimen from 
the Stockhoff quarry illustrated in figure 47. Both 
of Cressman’s examples have incompletely flaked 
tips which retain the 
material. 


cortex of the 
This peculiarity is 


original 
parent found on 
several of our specimens, including the one in 
figure 47. Although the site was not excavated 
under controlled conditions, Cressman believed that 
the Wikiup knives were deposited prior to the for- 
mation of overlying glacial outwash deposits, which, 
in turn, were capped by a stratum of volcanic 


pumice at also 


a later date. Cressman believed 
that the peculiar unretouched tips on the Wikiup 
knives are not found on late prehistoric knives. 
We shall now proceed with a cursory examina- 
tion of a few additional reports of excavation in 
the American Plateau. No attempt will be made 
the literature. 
parisons, we 


to exhaust In making these com- 
with 


chipped stone tools of basalt, and we shall present 


shall be concerned primarily 


only those data which suggest or refute relation 


ships 
\t Lind Coulee, an Early Man. site (radio- 
carbon date 6746 400 B.c.) located in Grant 


County, Washington, 186 stone and bone artifacts 


were recovered by Daugherty (19560). Most of 
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the artifacts were stone, but only 6 per cent of 
basalt. Chipped basalt forms include a chopper, 
irregular thin flake uniface side scrapers, a tapered 
stem point fragment (Daugherty’s Stvle 2), 


and 
three other point fragments, including one with 
ground We do not presume that the 
Stockhoff artifacts and the chipped basalt tools 
from Lind Coulee are related. 


edges. 


Thus, on present 
evidence, the quarry site cannot be tied to this 
early Hunter occupation of the Columbia Plateau. 
Plateau under 
seem to fit into a late time period, probably not 


The remaining sites discussion 
exceeding a thousand years before the present. 
One such site, in Grant County, central Washing 
ton, vielded some basalt; but it was used primarily 
for ground stone artifacts. Only three chipped 
stone projectile points of basalt: were recovered 
(Daugherty, 1952: 379). Likewise, only 4 
basalt points were found among S89 chipped stone 


points recovered in an upper Grand Coulee rock 


shelter in) Grant County (Mulls and) Osborne, 
1952: 353, table 13). At another later Upper 
Columbia site in| Okanogan County, Osborne, 


Crabtree, and Bryan (1952: 37, table 16) found 
only 7 basalt points and one basalt scraper among 
182 chipped stone artifacts in the Chief Joseph 
We that the artifacts 


sites are not related to the 


Reservoir. believe from 
late 


material. 


these quarry 

An extensive survey of southern Idaho, carried 
out in the summer of 1958 by Idaho State College 
under the direction of Earl Swanson, allowed us 
to examine other quarries west of the 
Mountains. 


Rocky 
Blades and blade blanks were found 
at extensive quarry areas containing obsidian and 
ignimbrite nodules along the [daho-Nevada border 
and at ancient lake deposits of tabular. siltstone 
near Challis in central Idaho.  Bipointed blade 
blanks from the Challis locality range up to three 
feet in length. Such large, brittle implements 
certainly would be easily fractured by heavy use. 
Percussion chipped, corner-notched points, similar 
to but much smaller than the one excavated at the 
Stockhotf site (fig. 8a), were found at camp sites 
near the Challis quarry (see Swanson, Tuohy, and 
Bryan, 1959, type 50). 

North 
Several crudely chipped basalt tools 
like Stockhoff 


5c) were found during the surface 


Basalt was utilized elsewhere in western 
America. 
looking 


much Ranch specimens 


(e.g., figs. 3k, 
survey of Guano Valley, a portion of the Great 
Basin in southeastern Oregon (Cressman, 1936: 


figs. 11,17). At Danger Cave in the heart of the 
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Basin, basalt was used at all times: but it 


tended to be 


CGsreat 


more common in the early 


where it was most frequently used for making 


large artifacts, while obsidian and chert commonly 
were 
1957 


tvpes 


used for small projectile points (Jennings, 
100). With so many chipped stone artifact 
to choose f Danger Cave, 


Irom at tos no 


Stockhott 


quarry resemble Danger Cave types, especially the 


surprise that many of the forms from the 
retouched or tragmentary forms. The major dit- 


ference is that the cutting edges of most of the 
large ovates trom Danger Cave suggest that crude 
bifaces were not always merely “blanks” as our 
quarry specimens seem to be, 

Ventana 
\gain, it 
Is easy to find specific resemblances im form and 


such Most of the SY 


The culturally disparate inhabitants of 
Cave, .\rizona, often chipped basalt 
a large series. 
blade 


covered trom the late levels of the midden ( Haury, 


1950: 246, fig. 43 Many 
unifacially chipped flake scrapers and planes ot 
basalt 


size trom 


unretouched large ovate “blanks” were re 


ovoid points and 


vere found in all levels of the cave. 


GENERAL DISCUSSION 


Postponing for the moment any conclusions 


that we might draw from these comparisons, we 
turn now to our second class 


terial 


of comparative ma 


derived from the reports of several other 
quarries in the United States 


Mau \ 


quarry implements have been advanced by Holmes 


theories about the nature and function of 
In a series of publications, the most noteworthy 
of which is presented in his //undhook of Abo 


LoT9):. 


been challenged 


riginal .linerican ( Holmes: 


Manv ot 
by Kirk 


Antiquitte s 
theories have 
(1950), 


Holmes’ 


that large 


Holmes’ 


Bryan Who points out some 
basic 
blade 


manu 


Inconsistencies in logic Holmes’ 


thesis was bifacially 


chipped 


“blanks” were the forms 


predominant 
factured at quarries, and that these forms were 
carried to camps and villages where they 

reduced to “Blanks” 


broken during the roughing out process, or forms 


“finished” implements. 
presumably rejected because they were too thick 
or unwieldy, are the most common artifacts found 
at quarries, according to Holmes’ hypotheses. 

Much of 
his evidence came from the “Spanish Diggings,” 
a quarry site in Oklahoma which Holmes also had 
examined and Bryan that 
utilized flakes, some struck from blades, and other 


Bryan challenges these assumptions. 


deseribed. believes 


irregularly shaped forms such as concave scrapers 
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(keeled planes?) are more characteristic of quarry 
sites than biface blade “blanks.” He agrees with 
Holmes that large bifaces are numerous; but he 
notes that some show wear, and others are broken, 
as if by use. According to Bryan, biface “blanks” 
are not simple “rejects” as Holmes would have us 
believe, 

Brvan also takes Holmes to task for insisting 
that 


“blade-like” cores 


were made from 


(1950:9). 


arrowheads only large 
He cites his own 
discovery of a projectile point at “Spanish Dig- 
gings” and also several descriptions of points being 
manufactured from flakes to support his argument. 
It should be that Holmes did 
that flakes must have been utilized in the manu- 
t I] points 1919: 


Holmes also described flakes with serrated 


made clear write 


facture of ( Holmes, 
162) 
edges found at the novaculite quarries in Arkansas 
These, he 


sia arrow 


said, were discarded after an attempt 
had been made to fashion an arrowhead or cutting 
tool (ibid.: 200) 
passages in) which 
1 


several of — the 


Brvan does not refer to these 


Holmes apparently altered 


hypotheses Bryan later found 
objectionable 
Holmes’ 


blades” 


quarry are nothing more nor 


Bryan then demonstates that 


“oblong 
t) nonye 


oval blades” and “handsome trom. the 


“Spanish Diggings” 


as ttisy 
] 


less than “hoes.” a common artifact tvpe found 


at many occupation sites in the area 
1950:10). Many 
show use as axes or picks by reason of secondary 
(thid., fig. 4). 


Holmes may have been impressed with the 


(Bryan, 


similar specimens seem to 


chipping on the ends and sides 
aes- 
thetic qualities of some of these specimens, but 
he did know that many. of 
tools. In to the 


quarry, Holmes clearly 


them functioned as 


reference “Spanish Diggings” 
that 


blades occur, notched in opposite margins as 


states “a few large 


In short, Bryan (1950) believes that most un- 
notched blades haited as axes, that 
numerous forms of retouched flake scrapers and 
tools 
bone 


bitace were 


manutacture of 
that 


where wood, bone, and 


used in the 
artifacts, 


gouges 


were 


wood and and sites 


quarry 


were actually “factories” 


antler as well as stone tools were made. He also 


] 


argues that stresses would develop during use of 


a hafted axe blade which would tend to produce a 


clean break, or a transverse fracture, across the 


long axis of such a tool. He further argues that 


these fracture surfaces may have been used as 


striking platforms for removing smaller flakes in 


the manufacture of projectile points. Evidence 
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for such assumptions was not presented by Bryan, 


and the biface blades from the Stockhoff site 
cannot be interpreted in this way. 
The wide range of artifact forms recovered 


from the Stockhoff basalt quarry, however, makes 
us agree with Bryan’s contention that the majority 
of artifacts from most quarry sites are not “blanks” 
awaiting transportation elsewhere for completion. 
Flake scrapers, and broken knives 
and/or points fashioned from flakes outnumber the 
blade “blanks” at the Stockhoff quarry. On the 
other hand, there are many reasons why some of 
Holmes’ ideas should not be abandoned. We 
find, for example, that Holmes’ “blank” and “re- 
ject” hypothesis best explains the large number 
of unfinished specimens found at the Stockhotf 
quarry. That specimens actually were 
“blanks” and “rejects” is attested by the lack of 
wear or signs of heavy use on the points and 
edges of the blade-like artifacts, and the fact that 
the core surfaces on the tips usually 
reduced. 


choppers, 


these 


were not 


In this regard, it is important to distinguish 
two types of battering. The first 


tvpe Is use 
battering. Many American archaeologists assume 
that all edge battering is due to heavy use. We 


would like to point out that use battering is usually 
found on protruding portions of excurvate work- 
ing surfaces. Most of the battering on our bi- 
pointed implements falls into a second type of 
battering or step flaking which is restricted to 
portions of thick edges and was apparently caused 
by blows directed so as to form striking platforms 
from which thinning flakes could then be removed. 
The cross fractures on most of the broken speci- 


mens are in the near the 


midsection, and not 
Bryan (fig. 18) indicates 
from off-center strokes of a hafted axe would have 


eventually created a 


ends where stresses 


fracture. sy experiment 
with blades and large flakes we discovered that 
transverse hinge fractures, such as our broken 
pieces exhibit, can be created by dropping the 
Stockhotf specimens tace down upon a hard sur- 
face. Apparently stresses are diffused along 
the transverse midline of the piece in such a way 
that there is no evidence of a bulb of percussion. 
Rather, a smooth cross fracture occurs which 
frequently culminates in a curving hinge near the 
surface opposite the blow. This shows that such 
fracturing cannot be ascribed to pressures created 
by an off-center axe stroke or to a prying action 
of an implement used as a lever. An unusually 


heavy side blow delivered during shaping of the 
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implement results in a definite bulb of 
sion at the point of impact. 


such 


percus- 
Holmes belheved that 
created the transverse breaks. 
Our experiments tend to retute this hypothesis. 

Two problems remain to be discussed. 


side blows 
Kirst 
of all, an explanation of the bifaces with un- 
reduced tips is called for. 
lieved that this characteristic 
presence of residual 


(1937) he- 
indicated — the 
This 


Cressman 


striking platforms. 


may be true of Cressman’s specimens, but in no 
case among the Stockhoff specimens could we 
find evidence of a primary bulb of percussion 


Most of our bifaces defi 
nitely were fashioned from flattened oval nodules, 


and the 


centering on the tip. 


surfaces of the 
parent nodules were preserved as portions of 
both 
directed from the edges, 


original weathered 


one or faces. Shaping blows were = con- 


sistently allowing the 
tips to converge, but leaving the apices untouched. 
This shaping process is demonstrated by several 
examples which retain weathered context surfaces 
on the tips (figs. 47, 5a). 

The second problem concerns possible explana- 
tions of minute chipping along the edges. It was 
noticed when handling and transporting the large 
artifacts that 
from the edges of the pieces accidentally in con- 
tact with each other. 


many small chips were removed 
Such recent chip scars were 
This 
suggests the additional possibility. that) tempera- 
ture extremes with resultant 
movement of the artifacts v recent 
ploughing or by grazing animals may have caused 
some of the “nibbling.” 


easily identifiable by Jack of patination. 


soil movements or 
themselves by 


If this is the case, some 
of our usual identifications of use-chipping on 
large stone artifacts made of particularly brittle 
materials, would need revision. 
all natural from all artificial “nibbling” 
would be difficult if not unpossible 


Distinguishing 
of course 
However, 
our lightweight pieces apparently were not sus 
ceptible to “nibbling.” 


FURTHER COMPARISONS 


\ recent article by George Carter (1958) on 
the Reno, Nevada, area demands further com 


ment as he has found open sites which contain 
basalt tools similar to those from the Stockhotf 
site. Carter has interpreted his surface finds as 


evidence of three broad stages of culture which 
extend from Wisconsin I times at least 30,000 
years ago to final Wisconsin II times, no later 
than 10,000 vears ago. He uses rate of weather- 
ing of stone artifacts, typology, and presumed 
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with Lake 


ASSOCIAUIONS Lahontan beach levels to 
make his correlations between cultural stage and 
time, Although his age estimates may eventually 
be proven correct, we feel that much more care- 
ful work 


will be in order to establish 


necessary 

his tentative conclusions 
Several of Carter's assumptions will be enumer 

ated and then examined. (1) 

of 10,000 vears is established by comparison with 

Cyreat 


1953 


His minimum date 


sites On the 
preliminary 


selected Basin basis of 


Jennings’ report on Danger 
Cave, Carter ce neludes that because types of crude 
mplements from the Keno area are not found at 
Danger Cave, the older 
than the 11.000 vear radiocarbon date for Danger 
176). Other than the obvious 
that the localities are 300 
apart and are fundamentally different 
his statement of essential dissimilarity be 
tween the 


Keno material must be 


Cave (Garter. 


strictures two nules 


types of 
sites, 


artifacts is not verified when one 


compares the final Danger Cave report with the 


133161 


Keno material (cf. Jennings, 1957 with 
Carter's plates ) 

(2) “The preferred stone (at Washoe Lake ) 
was dark fine-grained volcanics, a marker of the 
earher cultures here. Marked preference for this 
| prior to the last high stand of 


Lahontan about 10,000 years ago” 


stone ende Lake 
(Carter,.177) 
As already discussed by us, Jennings points out 
that basalt utilized at all 
Cave, although its use decreased through time 
100). Carter (1958: 190) then 
Cave as further evidence to show 
that the particular basalt industry which he has 
termed the “Big 


was times in Danger 
( Jennings, 1957 
cites Ventana 


Knife Culture” tig. 2) 


(Carter, fig. 
must have predated his 10,000-vear terminal date. 
Carter's “Big Knife Culture” 
identical with the 
Stockhotf quarry site 


appears to be al- 
material 


from the 
\s we have already men 
tioned in the comparative section, Haury (1950: 
246) found that basalt frequently used 
during all occupation levels of Ventana Cave and 
that most of the unretouched ovate basalt artifacts 


MOst 


Was 


(1e., “big knives’) were recovered from the 


upper levels 


Carter's conclusion that preference 
for basalt ceased prior to 10,000 years 


ago is 
further weakened by his own admission that local 
persistence of old techniques confuses such at 
tempts at dating (Carter, 191). 

(3) Carter's major assumptions in arriving at 
various 
We shall discuss 


some examples of his reasoning which involve this 


relative dates are based upon 


weathering of stone artifacts. 
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risky method of determining relative age. Carter 
recognizes that differing degrees of desert varnish 
were present on artifacts 
different 


from the same beach 
localities. He concludes, 
however, that, although this and other variables 
indicate “the need for caution, it does not invali 
date the method” 191). We have not 


been able to recognize the use of caution in the 


levels in 


( Carter, 


following assumptions and resulting conclusions : 
(4) found a 
gravel pit containing highly 


talus of a 
weathered granite. 


Carter mano on. the 


1 


The mano has as high a degree of iron. staining 
as does some of the gravel. From this Carter 
that the must be as old as. the 
gravels which, in turn, are dated by the weathered 
granite. 


concludes mano 
Thus on the basis of the stage of granite 
weathering the mano is at least early Wisconsin 
I! (Carter, 


ta 


177). 

\fter setting up a subjective five-point 
scale of weathering for basalt tools, Carter pro 
After 
examination of the artifacts found at the Galena 


ceeds to classify his material on this basis. 
Creek site, containing mostly broken basalt tools, 
Carter states that the “core tools are more heavily 
weathered than the ‘knives’; and the finely flaked 
inaterial, while not fresh, 1s consistently slightly 
178). He then 


stone has weathered to differ- 


weathered” (Carter, concludes 
that because all the 
cnt stages in the same area there must have been 
long occupation, .\s mentioned in our discussion 
preceding the artifact classification, we had at one 
tume considered using weathering as a 
handling of 
ur artifacts led to substantially the same con- 


clusions as 


stage of 


classificational criterion. = Cursory 


Carter's; however, closer analysis 
revealed problems which forced us to abandon 
this method of classification. Patination is caused 
by oxidation which can occur on or below. the 
ground surface. To our knowledge no one has 
investigated the rate of oxidation of basalt under 
varying conditions of burial and exposure. Carter 
assumes that the rate of patination in the Reno 
area is constant on all artifacts from the same 
This assumption could be accepted only if 
he were certain that all the artifacts he picked up 


on the surface had lain on the surface since they 


area. 


were originally chipped. Among the bifacial arti- 
facts at the Stockhoff site, some show a different 
stage of patination on opposite faces. It seems 
unlikely that one entire face was rechipped at a 
later time without retouching the opposite face. 
Such a phenomenon must be ascribed to the fact 


that the piece had lain for a prolonged time with 
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only one face exposed. Thus we can agree that 
a good deal of time must have elapsed since some 
of the pieces were chipped. The apparent associa- 
tion of stage of weathering with Carter's three 
major tool types may 
with the 


correlation 
artifacts. It may 
he that the larger pieces are more apt to be 


actually be a 
relative size of the 
exposed to the actions of wind, water, and frost 
for longer periods of time. Most of the large 
blade “blanks” at the Stockhoff site 
were surface finds, whereas practically all of our 
small “finished” 


cores and 


Thus 
the ascription of relative time to various artifact 


artifacts were excavated. 


types from one site is open to question. 

(6) Carter admits that iron staining is often 
stronger on the bottom of an artifact resting on 
the ground (Carter, 183). In another place he 
states that the planar surface of a plano-convex 
mano exhibits a more highly 
than the 
re-use of 


weathered color 
this indicates 
a much later time, which 
in turn, suggests an evolution in the method of 
(Carter, 179). 


(7) The present shore of Pyramid Lake vielded 


face. To him, 


the mano at 


CONnVEN 


grinding ! 


several basalt tools containing a calcium carbonate 
patina similar to that on the deep gravels nearby. 


Therefore, he concludes that the artifacts must 
have been associated with a previous low lake 
level, perhaps 30,000 years ago! (Carter, 1&6). 


Recently the authors have been confronted with 
the problem of removing calcium carbonate from 
Shoshoni Ware potsherds found on the surface 
of southern Idaho 

(8) He compares weathering on jasper with 
that on basalt from the same locality. 


sites. 


Because 
jasper is less weathered, he believes the basalt 
older! (Carter, 183). 

The least questionable method of dating that 
Carter i correlation of 


tools must be 


with 
His basic assumption is that 


uses is. his artifacts 
ancient beach lines. 
artifacts associated with ancient beaches indicate 
with ancient 


contemporaneity corresponding 


lakes. Thus, occupation usually took place dur 
ing wet periods. These basic postulates, them- 
selves open to doubt, are often carried to excess, 
such as in the following compounded assumption : 
t.c., Most. material at the Winnemucca Sink site 
is of unweathered jasper and in association with 
the highest stand of Lake Lahontan, which has 
dated at 10,000 The 


basalt core tools and knives constituting the “Big 


been years ago. large 


Knife” industry are found above this highest 


beach line. Thus, this patinated basalt material 
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must be older than 17,000 years because the 
basin was not flooded during the 13.000—17,000 
year period! (Carter, 182). 

(9) Although Carter refers to a quartz quarry 
in the area, no mention is made of the possibility 
that the sites containing the crudely chipped and 
broken basalt artifacts could have been quarries 
or localities where basalt tools were blocked into 
shape. This omission is but one example of the 
highly selective way in which he interpreted his 
material. Another is the highly selected list) of 
references in his bibliography. 

(10) Another of Carter's assumptions which 
should be this 
attempt to correlate population 
quantity of stonework found at a 
182): 


mentioned in connection is. his 


size with the 
site (Carter. 
Obviously, sites containing much detritus 
of manufacture indicate the 
group who used it during any particular period 
of time. 

At this point the reader may feel that we are 
antagomistic toward Carter and his attempts to 
prove the presence of Man in the 
New World. Quite to the contrary, we feel 
that Carter has rendered American archaeology 
a genuine 


cannot size of the 


Pleistocene 


reluctant 
thinkers into considering the possibility that man 
has been in this hemisphere for a much greater 
period of time than had been admitted. We feel, 
however, that ultimate proof of the presence of 
Pleistocene Man is going to take a combination 
of diligent thorough 
especially careful analysis and presentation of the 


service by — stimulating 


search, excavation, and 


data. We would like to see Dr. Carter continue 
his interest in American archaeology as a_col- 
laborating specialist in physical geography. We 


would also suggest that he should submit a char- 


coal sample from one of the Galena’ Creek 
t : : 
hearths to a radiocarbon laboratory as a start in 
dating his interesting material from the Reno 


area, 


SUMMARY AND CONCLUSIONS 


Qur analyses have resulted in a few conclusions 
We hope that the fore- 
going discussion may make future investigators 
of aboriginal quarries more aware of the im- 


and some contradictions. 


portance of such sites and problems posed by 
them. At present the bulk of the evidence has 
made us conclude that Stockhoff “blade blanks” 
were for, nor 
It is most likely that the 
are unfinished ovate biface blades. 


never designed saw service as, 
either hoes or axes 
“blade blanks” 


excavations at occupation sites containing fin- 
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ished specimens are necessary in order to attempt 
blades 


Historie groups 


Finished 
have had a ceremonial function, 


a functional explanation may 
in Cahfornia and Oregon are known to have used 
obsidian blades in 
that at large 
exported in their “unfinished” 
heavy-duty 


ceremonies. The possibility 


least some of the bifaces were 
state for use as 
multi-purpose tools cannot be dis- 
counted, 

The Stockhoff basalt quarry is located on oa 
major route to the Northwest which served as an 
unportant channel of —conmiunications 
The environ- 
ment in the vicinity of the site 1s favorable, but 


not bountiful 


during 
protohistoric and historic times. 


Hunting of large and small game 
and various foraging activities probably were the 
Major attractions to the native groups who utilized 


the quarry and camped near it at various times 


in the past Since neither Plateau arti 


fact 


recent 


types nor [uropean contact goods were 


found at either the quarry or the occupation area, 
itis probable that the site antedates historic times. 
However, if the utilized in 
either the Cavuse or 


quarry were proto- 
unidentified 


Shoshonean bands could have exploited it, be 


historic times, 


cause it is located on what was the eighteenth 


century boundary between the two groups, a 


divide between the Grande Ronde and Powder 
Rivers. 

Many chipped basalt artifacts recovered from 
the site apparently were designed as 
chopping, or tools. These 
closely resemble a number of artifacts recovered 
primarily from the 


Hells Canyon of the Snake River. 


cutting, 
scraping, piercing 
sites in 
They 
resemble the chipped basalt assemblages recovered 
MeNary 
confluence of the Snake 
Chipped basalt assemblages 


surface of several 


also 
in excavations of several sites in- the 
area at the 
with the Columbia. 


Reservoir 


are rare or absent in sites demonstrably earlier 
or later in time than those of the MeNary area 
in the Columbia Plateau. In the 
Provinee, particularly in the deep cultural de- 
posits of Danger and Ventana Caves, basalt was 
frequently fashioned into chipped = stone imple- 


Jasin and Range 


nents, and the great range of artifacts from these 


sites includes forms which are similar to the 


Stockhoftf 
cultural connections are implied, however. 


forms from. the 


quarry. No. direct 

We believe that the basalt chipping industry 
found 
of the 


Fraser-Straits of 


in the Columbia-Fraser Plateau and west 


Cascades at some. sites in the lower 


Georgia area represents one 
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element which helps characterize an early, wide- 


spread, land hunting-fishing-gathering tradition 


which developed from an even earlier period 
gradually being defined from recent excavations 
in the Plateau (Tuohy and Bryan, 1958). We 
with the 


prehistory, 


tentatively align the Stockhoff quarry 
“Walula Phase” of 


which has an estimated antiquity 


Gap Plateau 
somewhere in 
the range of 1,500 to 3,500 years, and specifically 
with the Rabbit Island [| component on the 
Columbia at the mouth of the Snake. 


there are 


llowever, 
that the quarry 
may have been used by culturally diverse peoples 
at various times in the past. 


fleeting suggestions 
A charcoal sample 
from one of the test squares has been submitted 
and the date should 
' It is possible that the crude, 
percussion-flaked) blades persisted from a_ very 
early period in New World prehistory 

The range of artifact found at— the 
Stockhoff site is also similar to that from 
quarries in) North America. Large 
chipped blades and blade “blanks” 
monly made or attempted at the site. 


for assay forthcoming 


clarify this point 


forms 
other 
bifacially 
were com 
Unifacially 
chipped forms occur; among them, scrapers of 


various We 


specimens are 


tvpes are particularly 
beheve that a number of the 
“blanks” and. that 


ceived as picks, 


numerous 


none were intentionally 

The 
responsible for the detritus at the quarry proba- 
bly had failures. These discarded pieces 
often were later reworked. 
that 
purpose 


con 


hoes, or axes. toolmakers 


many 
Conclusive evidence 
bipoints functioned as 


tools 


multi- 


We do 


heavy-duty 
cannot be demonstrated. 


not think that the relatively small finished points 
were reduced from the large bipointed blanks but 


smaller flakes. 
deliberately 


from 
were 


rather 
blanks 


The idea that large 


fractured to produce 


striking platforms for the removal of smaller 


‘Through the efforts of James B. Griffin of the Uni 


versity of results have 


Michigan, radiocarbon 
obtained Che 


been 
charcoal sample was assayed by the 
method at the Phoenix-Memorial Project 
Laboratory The radiocarbon yielded a 
2,600 + 200 yrs. B.P. present ) 

The charcoal sample came from one of the test excava 
tions on the pipeline 


carhe mm dioxide 


Ineasurement 


date of ( betore 


right-of-way. It was 
detritus at a depth from 
feet Therefore, we that the sample actually 
dates one of the early utilizations of the quarry by man 

It is interesting to note that our independently derived 


associated 


a2 


with chipping surface of 3.5 


believe 


estimate (1,500 to 3,500 years ago, as stated in the text 
above), actually brackets the plus and minus error range 
of the radiocarbon measurement. Thus, we believe that 
the 2,600 B.P. figure is reliable and 
with both local and regional archaeology 


years consistent 
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flakes was rejected because all such fractures on 
the Stockhoff We 
demonstrated by experiment that the transverse 
fracturing could be produced by dropping the 


specimens are unaltered. 


pieces on their faces. 

Pipeline archaeology permitted the 
discovery, examination and testing of the site. 
The tests were limited to the pipeline right-of- 
Whether or not the makers of the obsidian 
points from the nearby occupation mound were 
the same people who exploited the quarry, we 
cannot say. A few obsidian chips from one of the 
The 
occupation area must be excavated to elucidate 
this and other problems posed by the site. Such 
linuited to 
procedures inherent in mechanized archaeology, 
yet such salvage work does constitute an important 


salvage 


Way. 


test. squares may indicate relationship. 


problems cannot be solved by work 


form of preliminary research. 
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EARLY SCIENTIFIC INTEREST IN THE AMERICAN INDIAN: 
COMPARATIVE LINGUISTICS 


JOHN C. GREENE 


Professor of History, 


SCIENTIFIC 


interest in the American Indian 


began with the discovery of America. For the 
next three hundred years it remained focussed on 
a single problem: where did the Indian come 
from? This question was a natural one, well 
suited to the speculative temper of the age, but 
Its long-continued dominance can scarcely be un- 
derstood apart from its bearing on the perennial 
controversy between monogenists and polygenists 
and on the Seriptural doctrine of the common 


descent of Not all 


writers were concerned with the religious issue, 


all men from Adam and Eve. 
but all telt the pressure to deal with the problem 
of origins 

To the solution of this problem there were 
several obvious approaches, all of which were uti 
lized to The 
artifacts 
of the Indian tribes were compared, however hap 
\tlantic or trans- 
Missionaries studied the aborig 
and 


some extent from the beginning 


physical traits, languages, customs, and 


hazardly, with those of trans- 


Pacific nations 


inal languages, traders travelers observed 


Indian manners and customs, and European schol 
ars collected data and spun theories concerning 
New World. With = the 
independence, :\mericans felt a 
interest in the 


things connected with their country 


the peopling of the 
achievement of 
new surge of Indian and in all 
The prob 
lem of origins was attacked with renewed vigor, 
special emphasis being placed on the collection 
and The 


these early ef 


comparison of Indian vocabularies 


following pages describe some of 
forts at linguistic comparison. 


‘| he 


parative 


\merican effort in 


1815 


most ambitious com 


linguistics before was) Benjamin 
Smith Barton's New Views of the Origin of the 
Tribes and Nations of America, published in 1797 
and re-issued in 1798.! Barton was professor of 
Vew views of the 


America, 


! Barton, Benjamin Smith, ortgin of 
Philadelphia, 1797; 
enlarged,” Philadel- 
The second edition is the one used in pre- 
present article. It is dedicated to 
The “Preface” and “Preliminary 
ire paged separately in small Roman numerals 


the tribes and nations of 
2nd edition, 
phia, 1798 
paring the 


Jefferson 


“corrected and greatly 


Thomas 
Discourse” 


PROCEEDINGS OF THE AMERICAN PHILOSOPHICAL SOCTETY, VE 


lowa State University of Science and 


Pec hnologs 


materia medica, natural history, and botany at 
the University of Pennsylvania, having been ap- 
pointed to that post in 1789 at the youthful age of 
twenty-four. His interest in everything concern- 
While still 
a student at the University of Edinburgh he pub- 
lished his first work, Observations on Some Parts 
of Natural History, devoted to the “Indian 
mounds” of the Mississippi Valley. At the same 
time, he had begun to compare the languages of 
the New and the Old World. He continued these 
researches in Philadelphia but made little prog- 
ress with them until, in the 


ing the New World was prodigious. 


spring ot 1796, the 
Reverend Joseph Priestley provided 


him with a 
copy of a work in Russian entitled Comparatic 
Lexicons of lll This 
was the famous work begun by Catherine the 
Great as a hobby and turned over by her to Peter 
Pallas, 


whom she had brought to Russia in 


Languages and Dialects. 


Simon a distinguished German naturalist 
1768 to or- 
ganize scientific research. 
1787 


First published in the 


vears 1789, the Vocabularia Comparativa 


indicated in Russian phonetic equivalents the pro- 
nunciation in each of two hundred European and 
\siatic languages of the names for a great many 


objects, beginning with the words for God, 


Comparative lextcons of all languages and 


the right hand of the Most 
First section, co 
Part 


in’ Russian 


ye dialects, 
Hligh Person 

ntaming European and Asiatic languages, 
1787 Text and tith 
Volume II has a Latin title-page as well: 


comptled hy 


I, 2 v., St. Petersburg, 1789 


Linguarum tottus orbits vocabularta comparativa, Auqust 


iwstmae, cura collecta. Some copies contain a_ten-page 
introduction in Latin, in which the work is described and 
the phonetics of the Russian alphabet are explained. Bar 
ton’s copy seems to have contained this supplement. For 
a fuller account of this work and of the circumstances 
attending its publication, see Adelung, J. C.. and J. S 
Vater, WMithridates: oder allgemeine sprachenkund 

4, 4-8, Berlin, 1806-1817; Thomsen, Vilhelm. Geschichte 
der sprachiaissenschaft bis sum ausgang des 19 
derts, Hans Pollak, tr., 39, Halle, 1927; 
An essay on a untform orthography 3-4 n., Cam 
Mass., 1820 \ second edition in four volumes, 
edited by Theodor Jankiewitsch de Miriewo and 
taining words from African and American languages, 


was published at St. Petersburg in the years 1790-1791 


rahrhun- 


Pickering, John, 


bridge, 


con- 
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heaven, father, and mother, and going on to the 
names of the parts of the body, of the elements, 
and of miscellaneous common. things. Jarton 
was extremely fortunate to procure a copy of this 
work. According to the German philologist 
Friedrich Adelung, only a few copies found their 
way abroad; even in St. Petersburg the work was 
difficult to obtain. 

The Vocabularia Comparativa provided Barton 
with one half of the materials needed for his com- 
parative survey. In the study of Indian languages 
he was his own collector and compiler, a task he 
undertook with and energy, 
judging from his account of his scholarly labors in 
the “Preface” and the “Preliminary 
to his New Views. 
he ranged far and wide, combing the writings of 
travelers, 


great enthusiasm 
Discourse” 
Among the printed sources 
traders, soldiers, and 
scholars from the days of Champlain and Roger 
Williams to those of 
Adair. 


sources. 


missionaries, 
Clavigero, Romans, and 
But he did not confine himself to printed 

From the Reverend John Heckewelder 
he solicited and obtained extremely valuable man- 
uscript materials compiled by Heckewelder, David 
He 


and 


Zeisberger, and other Moravian missionaries. 
traders, soldiers 


took advantage of every opportunity to question 


interviewed travelers, and 
the Indians themselves concerning their languages. 
He maintained a wide correspondence, receiving 
useful information from every part of the Union. 
In short, he spared no labor or expense to make 
his collection of Indian vocabularies as extensive 
and accurate as possible. 


See the “Preface,” page viii: “All the Indian, Asiatic, 
European words which are compared or 
vocabularies, &c. are printed in two 


and otherwise 


mentioned, in my 


different kinds of letter, viz. the Italic and the Roman 
The former, which are much the most numerous, are 
taken from printed books, or have been communicated 


to me by my friends, in different parts of North America. 

All the the letter 
collected by myself: the greater part of them as they 
were by the Indians themselves; the re- 
mainder as they were pronounced by Indian interpreters, 


words printed in Roman were 


pronounced 


traders or gentlemen who have been among the Indians.” 
Barton acknowledges his debt to Zeisberger and Hecke- 
welder for Delaware to Carver and Long, both 
travelers, for Chippewa; to Jonathan Edwards, Jr. and 
Heckewelder for Mohican; to Gibson, Hecke- 
welder, and Christopher Greenup, “lately a member of 
for Shawnee; to Samuel Colesworthy of 
for Miami; to John Eliot for Natick; to George 
Turner for Piankashaw and Kickapoo; to Roger Wil- 
liams for Narraganset; to Lahontan and Kalm for Al- 
gonquin; to De Laet for Acadian, Sankikani and Hoche- 
to Lawson for Pampticough and Woccon; to 
Dean, for the Six Na- 


words ; 
General 


Congress,” 


Boston 


lagenses; 


Zeisberger, Judge and Lawson 


GREENE PROC. AMER. PHIL 


soc, 


When Barton came to compare his Indian 
vocabularies with each other and with the word 
lists in Pallas’ work, he faced the problem of 
formulating an intelligible phonetic system. This 
was a difficult problem, one which was to baffle 
linguists for many years to come, hence it is not 
surprising that Barton failed to solve it. 
some effort to 


He made 
do so, however. In the case of 
words taken from travelers, traders, missionaries, 
and the like, he was careful to indicate the na- 
Whenever this 
collector had laid down rules of pronunciation, as 
Zeisberger had done, Barton took pains to con- 
these to the reader. With respect to the 
words he had collected himself, he gave general 
instructions for pronouncing them, but his direc- 
tions were not 


tionality of the original collector. 


vey 


words taken 
into 


man letters, still another set of phonetic equiva 


clear.' For 


Pallas, transcribed from 


very 
from Russian Ro- 
lents was indicated. Thus, Barton's phonetic svs 
tem, like so many others in his day, was extremely 
rough and ready, so much so that modern linguists 
find it all but impossible to determine exactly 
what sounds were intended to be represented by 
the letters used. 

Jarton’s New Views followed 
the order adopted in the first edition of Pallas’ 
Vocabularia, beginning with the words for God. 


The word lists in 


In all, Barton was able to give Indian equivalents 


for seventy of Pallas’ basic words. In each list 


tions; to Palisot de Beauvois for Cherokee: to Adair 
for Chickasaw and Choctaw; to Du Pratz for Natchez; 
to De Laet, Clavigero, Wafer, Gage, Rochetort, Lery, 
Marcgrave, Forster, and Molina for the tribes of Cen- 
tral and South America; to Crantz for the inhabitants 
of Greenland. He seems not to have known the work 
of the Spanish Jesuit Lorenzo Hervas y Panduro en 


titled Catalogo delle lingue consciute e notizia della lero 


affinita e diversita, Cesena, 1784, which would have been 
very useful to him, especially for Central and South 
\merican languages 

‘Barton, New views, “Preface,” ix, describes his own 
phonetic system: “The .f has always the open sound, as 
in the words father, rather, and many others. The .f1 
is to be sounded long. The /: is always sounded as /: 
in head, bed, &c. or like -/ in table, and .fy, in say. The 
soft sound which is given to this letter I have repre- 
sented by the double /:E, as in tree, bee, &c. The G is 


sounded hard, as in God, go, &c. The J is sounded as 
in just, or like G in giant. The / has 
the several sounds of this letter. The Oo, which so fre- 
quently occurs in the Indian words, has a long sound, 


as in the word ooze. It appears to be nearly equivalent 


and many others; 


to the (° of the Latins. The ( always sounds like [’ 
in us, or in the vulgar word, fuss. My mode of. pro- 
nunciation will, I believe, be obvious in all other in- 
stances.” The rules for pronouncing words transcribed 


from Pallas are given on pages Xix—Xx. 
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Barton placed the Indian words first, beginning 
with the Delaware tribes and proceeding thence to 
other North 
Central and 


\merican tribes and on to those of 
South America. Then came a briet 
selection of European and Asiatic equivalents, 
These selected 
on the basis of their similarity to words in the 


American part of the list. 


taken mostly from Pallas. were 
Thus, the whole pur- 
pose of the comparison was to establish the exist- 
ence of a connection between the languages of the 
New and those of the Old World by pointing out 
similarities in the words used to designate par- 
ticular objects. In) Barton's opinion, his vocab- 
ularies rendered it extremely probable that the 
nations of America and those of Asia had a com- 
mon origin. 


point 1s 


“T flatter myself.” he said, “that this 
established 
certainty, though T by no means suppose that 


now with some degree of 
what I have said should preclude the necessity of 
farther inquiries on the subject.” 

Since Barton based his conclusions concerning 
the origin of nations on the supposed affinities 
among their languages, it is important to under 
stand what he , 


linguistic affinity. 


considered = satisfactory proot ol 
On this crucial pomt Barton 
seems to have been rather naive, even for his own 
day. He apparently believed that the existence in 
two different languages of similar-sounding words 
for several objects or ideas created a strong pre- 
sumption of linguistic affinitv, regardless of the 
geographic distance between the tribes speaking 
these languages. He even argued that languages 
displaying very few word similarities might nev- 
ertheless be regarded as related if each of them 
contained several words similar to those found in 
a third language: 


We find [he wrote] the Toungusian words tor star 
in the dialects of the Mohawks, 
other nations of the | lroquois] confederacy 
are many this Asiatic nation in the lan 
guages of the Delaware tribes. By a careful in- 
spection of the vocabularies, the reader will tind no 
difficulty in discovering that in Asia the languages 
of the confederates and the languages of the tribes 
of the Delaware-stock may be all traced to ONE 
COMMON SOURCE. Nor do I limit this observa- 
tion to the languages of the American tribes just 
mentioned. It will be easy to trace the languages of 
the Cheerake, Muskohge, Chikkasah, Choktah, and 
even those of the Mexicans, the Peruvians, the Chil 
ese, and many other nations, both in North and in 
South America, to the same sources from whence 
have sprung the languages of the confederates and 
Delawares. The inference from these facts and ob- 


and 
here 


Onondagos 


words of 


Ihid., “Preliminary Discourse,” Ixxxviti 


LINGUISTICS 


IN. AMERICA 513 


servations is obvious and interesting: THAT 
ERTO. WE HAVE NOT DISCOVERED IN 
AMERICA .... ANY TWO, OR MORE LAN 
GUAGES BETWEEN WHICH WE ARE IN- 
CAPABLE OF - ‘DETECTENG AFFINITIES 
(AND THOSE OFTEN VERY STRIKING) 
EITHER IN AMERICA, THE OLD 
WORLD.* 


HITH 


OR IN 


Thus, Barton took as his working hypothesis 
the idea that all the languages of the earth were 
related to each other and that their affinities might 
he discovered by compiling ever larger and more 
accurate vocabularies of all of them. He agreed 
with Jetferson, to whom he dedicated his Vea 
Views, that the apparent diversity of languages 
in the Americas had been produced by the modi- 
iving influence of time and circumstance, but he 
rejected Jefferson's corollary that the inhabitants 
of the New World than 
those of the Old since their languages were more 
diverse. 


must be more ancient 
The time required to obliterate the orig 
inal resemblance of languages would depend on 
the conditions of life; in the New World. these 
conditions must have been much more conducive 
to diversification than in the Old the 
creation Of so apparently dissimilar lan 
guages in America must have required a_ long 
time, hundred, 
thousand years.” 


Even so, 
many 


“many three or four 
Sut whether the American In- 
were derived from the Old World or the 
inhabitants of the Old World from America was 


a question which linguistic science in itself 


perhaps 
dians 


could 
not determine. The solution of this problem, said 
Barton, would require supplementary investiga- 
tions into tribal myths and traditions, the inci- 
dence of social customs and phy sical characteris 
tics, and the geographical distribution of aboriginal 
earthworks. When 


dence had been duly 


these various types of evi- 


weiched it would become 
apparent, Barton predicted, that central Asia was 
the “principal foundery” of mankind, as Moses 


had declared long ago. 


© Ihid - 


linguistic 


“Appendix,” 19 For 
affinities South 
tribes, see “Preliminary Discourse,” xevii-xexix ; on the 
Yolofs, “one of the blackest nations of Africa,” Ixxy 
Commenting on the similarities he has discovered, Bar- 
ton says: “The 
kind, the more 


Barton’s view of the 


\sian 


between \merican and 


farther we push our researches of this 
we discover the proofs, if not of the ab- 
solute derivation of all mankind from one pair, at least 
of the ancient intercourse of all the nations of the earth.” 

* [hid., “Comparative 
“Preliminary 


Vocabularies,” 36 n. See 
[iscourse,”’ 


also 
Ixxxix: “... my inquiries 
seem to render it probable, that all the languages of the 
countries of America may, in America, be traced to one 
or two stocks. In Asia, I think, they 


great may be 
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Barton's contribution to the study of compara- 
tive linguistics is held in low esteem by modern 
linguists. But how 
In particular, how was it received in Ger- 
many, the center of linguistic studies and of Amer- 
ican studies in general ? 


was it received in his own 


day: 


Suppose we begin with 
the opinions of Alexander von Humboldt, the 
leading Americanist of that day. When Hum- 
boldt came to consider the linguistic evidence for 
the Asiatic origin of the Toltecs and Aztecs in his 
Political Essay on the Kingdom of New Spain, 
he had little except Barton’s vocabularies to guide 
him. These, he noted, showed only a few word 
similarities between the languages of Tartary and 
those of the New World.) Three vears later, 
when Humboldt published his Researches Con- 
cerning the Institutions and Monuments of the 
Ancient Inhabitants of America, he cited not only 
Barton but also Johann Severin Vater, professor 
of theology at Konigsberg. 
boldt : 


According to Hum- 


Investigations 
exactness, in 


made with the most scrupulous 
following a method which had not 


hitherto been used in the study of etymologies, have 


For the language of the Mex- 
which is so different from that of the other Amer- 
has some affinity to the languages of the lLesghis 
and the Persians: and I have already observed, that the 
these two Asiatic 
\merican tribes.” 


confidently traced to one 
calls, 
Icalls, 
languages of nations are preserved 
See also Barton’s “Hints 
on the etymology of certain English words, and on their 
athnity to words in the languages of the different Euro 
\siatic, and American (Indian) fr 
Amer. Philos. Sox 6 ( 1) 


~See Edgerton, 


among many 


nations 
145-157, 1804. 
Franklin, Notes on early American 
work in linguistics, Proc. Amer. Philos. Soc. 87: 25-34, 
1943. Concerning the general state of linguistic research 
in the late eighteenth and early nineteenth centuries, 


Kdgerton says (p. 25): “Practical difficulties . .. de- 


layed for many decades the attainment of a sufficiently 
solid factual basis for a real science of language. Meth- 
ods of field were crude. Phonetics was in its in- 
grammatical and syntactic analysis 
based on adaptations of 


peal, 
Trans 


work 
fancy ; Was uncon- 
latin grammar, even 
when applied to the native language of the investigator. 
Pickering and Duponceau, like von Humboldt and other 
European linguists, usually had little direct knowledge 
of the more exotic languages they dealt with; and they 
did not realize how naive and imperfect were the mate- 
rials furnished them by travelers and missionaries. Hence 
it is perhaps not strange that European works on gen- 
eral linguistics continued to be largely speculative, until 
past the middle of the nineteenth century. It 
he counted to the credit of 


sciously 


well may 


\merican linguists that they 


did not participate much in such activities. The time 
was not ripe for them.” 

‘Humboldt, Alexander von, Polttical essay on the 
kingdom of New Spain , John Black, tr., 1: 101-102, 
New York, 1811 


JOHN C. GREENE 
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proved, that there are a few words that are common 
in the vocabularies of the two continents. In eighty 
three American languages, examined by Messrs. 
Barton and Vater, one hundred and seventy words 
have been found, the roots of which appear to be the 
same; and it is easy to perceive, that this analogy is 
not accidental, since it does not rest merely on 
imitative harmony, or on that conformity of the 
organs, which produces almost a perfect identity in 
the first sounds articulated by children. Of these 
one hundred and seventy words, which have this 
connexion with each other, three fifths resemble the 
Mantchou, the Tongouse, the Mongul, and the Sam- 
oyede; and two fifths the Celtic and Tschoud, the 
Biseayan, the Coptic. and the languages. 
These have found by comparing the 
whole of the American languages with the whole of 
those of the Old World: for hitherto we are ac 
quainted with no American idiom, which 
have an exclusive correspondence with any of the 
Asiatic, African, or European tongues." 


Congo 


words been 


seems to 


Although Humboldt seems to have admired 
the comparative researches of Barton and Vater, 
he found them inconclusive on the main point at 
issue. For his own part, he proposed to show 
that, whatever the deficiencies in linguistic evi- 
dence, there was plenty of evidence in the monu- 
ments, the hieroglyphics, the cosmogonies, and 
the institutions of the peoples of America and 
\sia to establish the probability of an ancient 
communication between them. 

The work by Vater to which Humboldt alluded 
the title Amertka’s 
Bevolkerung aus dem Alten Kontinente. Dedi- 


cated to Humboldt, this work was primarily a 


bore Untersuchungen  iiber 


study in comparative linguistics. In its opening 
pages, Vater patd his respects to that “worthy 
Philadelphia,” Smith-Barton, 


listing all fifty-four of the word similarities which 


scholar in Herr 


© Humboldt, Alexander von, Nesearches concerning 
the institutions and monuments of the anctent tnhabttants 
of America ..., H. M. Williams, tr., 1: 19-20, London, 
1814. Like Barton, Humboldt explained the great vari 
ety of language in America by the geographical ob 
stacles to intercommunication among the tribes. He was 
convineed that further research would disclose structural 
similarities in languages 
may presume that the languages, which seem to admit of 
no ethnographical classification, have some affinity, either 
with other languages which have been for a long time 
extinct, or with the idioms of nations which have never 
yet been visited by travellers” (p. 18). See also pp. 249 
250, where Humboldt that “the greater part 
of the nations of America belong to a race of men, who, 
isolated ever since the infancy of the world from the rest 
of mankind, exhibit in the nature and diversity of lan 
guage, in their and the conformation of their 
skull, incontestable proofs of an and complete 
separation.” 


superficially diverse, “for we 


concludes 


features 
early 
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Barton had discovered in his comparison of the 
languages of the New and the Old World.'! To 
some items in Barton's list Vater took exception, 
arguing that Barton had erred in_ transcribing 
from the Russian or, in other cases, that he had 
been misled by affixes and prefixes. Quite apart 
from these doubtful cases, Vater felt that 
had) jumped to 


his comparative survey. 


sarton 


unwarranted conclusions from 
The similarities 


were too few in number and too widely scattered 


word 


geographically to provide a sure footing for gen- 
eralization. 
not 


Moreover, 
limited to word 
extend to linguistic structure; 


the comparison should 
similarities but should 
it structural 
similarity more than the resemblance of particular 


he 


Was 


words which proved the common derivation of 
The 


languages 


the American languages number of word 


resemblances rela- 
tively small, but in all of them Vater discerned a 


single grammatical tendency : 


among these was 
the tendency in con- 
jugating verbs “to describe the relationship of 
action to the object and thus to differentiate from 
cases in which there is no object.” This uni- 
versal grammatical tendency, said Vater, was un- 
mistakable evidence of a common linguistic origin. 
Sut although he stressed the importance of struc 
tural comparisons, he did not discard the com 
parison of vocabularies as a key to linguistic af- 
finity, hence his regard for Barton as a pioneer 
in the field. 
The extent 
other 


Vater’s debt Barton and 
collectors 


tribes 


ot to 
information 


languages 


to 


American for con- 


cerning Indian and 

judged from the third volume of the monumental 

Vithridates: Oder Allgemeine Sprachenkunde, 

published by Vater and Johann Christoph .A\de- 
Te 


Duponceau, Corre- 


may be 


Jung in the vears from 1806 to 1817. the 


American linguist Peter S. 


sponding Secretary of the Historical and Literary 


Committee of the American Philosophical Society, 
the MWithridates “the 


philological collection that the world has ever 


seemed most astonishing 


seen.’ 


11 Vater, Johann Severin, (utersuchungen iiber 
kontinente, 45. ff., 
to as 


.Imer- 
tha’s bevolkerung aus dem alten 
zig, 1810. 
Barton. 
are discussed by Vater, 92 ff 
Bartram, and others are mentioned in passing 

12 Jhid., 206. Modern find this grammatical 
characteristic less universal among Indian languages than 
Vater supposed They that neither 
Vater made of families 
comparison, 


Leip 
Barton Smith- 
Indian languages 
Bernard Romans, William 


Vater invariably refers 


Jefferson's observations on 


linguists 


Barton 
matrix 


note nor 


Use language as a for 


MISTICS IN AMERICA 


1 


It contains an epitome of all the existing knowledge 
of the ancient and modern languages of the whol 
earth. [It exhibits specimens the 
language, by ot which their affinities can 
traced far as etymology may help to discover 
them, with a delineation of their forms, svntax, 
struction, and general grammatical character, exem 
plified in the greatest number of cases by the Lord's 
Praver in each language and dialect, with a literal 
German translation interlined, and followed by a 
commentary in which every sentence is parsed and 
the meaning of each word given, with an explana 
tion of the grammatical sense and form in which it 
is emploved.! 


ot words of each 


means be 


con 


The languages of America were described in 
the third volume of the Withridates, those of 
North America in Part III. issued in 1816. For 
information the tribes of the 
Mississippi River, Vater relied on the accounts of 
Lewis and Clark, Pike, Mackenzie, Lapérouse. 
and Du Pratz, as well as the works of Humboldt. 
beling, and 


concerning west 


Hervas. Kast of the Mississippi 
he made good use of Barton's New Mrews and of 


In 


tor 


Barton himself had used. 
the Six Nations, 
example, Vater listed words collected by Barton 
himself and by New 
York, words derived from the Zeisberger manu- 


the sources which 


treating the languages of 
Barton's correspondents in 


scripts in Barton's possession, words recorded by 
Father Sagard, Baron Lahontan, and the traveler 
John Long, words from Loskiel’s history of the 
Moravian missions in North America, and, finally. 
words contained in The Order of Prayer, Trans- 
lated into the Mohawk Language, by three Angli- 
can missionaries."* 
Many other examples of Vater’s laborious re- 
Duponceau, 
to the 
and 1 


Peter Report of 
C ommiuttee 
iterary ( 
Soctety 1 XIN-XX, 
Vithridates was begun by Adelung late in life. 
first of the four volumes, 
work of Vater The 
to Asiatic languages, the 
The third volume was 
(1812) dealt with Africa 


os the 
Transactions of the 


the 
Philadelphia, 


Corresponding 
Secretary 


Historical American 


onmimittes oft 
Philosophical 
Phe 
lived to complete only the 
remaining three the 
(1806) devoted 
(1809) 


1819 
Hy 
the 
being first 
volume Was 
to European 
divided into three parts: Part I 
Part If (1813) with South America, Part IIT (1816) 
with Central and North America. Volume IV (1817) 
contained supplements to the first two volumes and also 
Wilhelm Humboldt's of the 
language 

14 Adelung, J. C. and J Vater, \Withridates: 
allgememe sprachenkunde , a Patt 11: 322; Berlin; 
1816. It is interesting that Vater himself translated the 
London edition (1809) of Lewis and Clark, Travels from 
St. Louts by 
to the Pacific Ocean 
and F. U. Kothe, eds.. 
1, Part I]: 198, 1811 


s¢ cond 


von famous study Basque 


S oder 


of the Rivers 
See Dippold, H. R., 


Historischen Archii 


way Vissourt and Columbia 
into German 


{lgemetme 
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search might be cited, but we may summarize by 
saying that he drew liberally, though not  un- 
critically, from Barton and other American col- 
lectors and that he regarded Barton's New Views 
as the chief contribution other than his own to 
the investigation of the linguistic relationships be- 
tween the peoples of the Old World and_ those 
of the New. Vater’s conclusions, though stated 
more tentatively than Barton's, were similar to 
them in many He found (1) that the 
languages of the New World exhibited traces of 
a common origin despite their superficial diver- 
sity, and (2) that there was a clear linguistic 
connection between some of the American tribes, 
especially those in the far North, and those of 
northeast Asia.! 

3ut what of Vater’s work itself? 


respects. 


How was it 
regarded in his day, and how has it been evalu- 
ated since then? A recent survey of work in the 
held of American linguistics dismisses the JJ/ith- 
ridates as “a philological curiosity,” noting that 
it contains the Lord’s Prayer in nearly five hun- 
dred More considered and more 
charitable is the judgment of the Danish philolo- 
gist, Vilhelm Thomsen, who calls it a “bold and 
important undertaking,” though deficient 


standards. The compilers of the 


languages." 


sadly 

by modern 
“Linguistic relationships unite vast 

America, bringing 


North 
(unmis 
takable traces of this common bond are impressed only 
in the language), but this does not 
coast, Which we shall look at first. 
us in the far north back to northeast Asia.”  JA/ithridates 
a Pat Tit: 571 Part II (1813): 339: “And 
so, after all of these attempted classifications since the 
discovery of America, it is only 
observations that the 
North America, in 
the coast of Labrador, as on its western coast near 


parts of 


many peoples into one race 


apply to the west 


These languages lead 


See also 


by means of these most 


recent 


following dictum stands 


firm: in eastern Greenland and on 


\sia, 


there lives a people which is one and the same with the 
inhabitants of the north coast of Asia and the islands 
which lie between the two parts of the world. What a 


huge expansion of one race!” 
to reduce all 


from 


Vater did not attempt 
\merican languages to one stock deriving 
His debt to Barton is acknowledged 
passages, e.g., Part IL: 336-337, n 
conjectures are discussed p. 352 ff 

* Carroll, John B., The study of language. A survey 
linguistics and related disciplines tn America, 17, Cam- 
Mass., Harvard Univ. Press, 1953. Carroll adds: 
“Jonathan (1788) observations on the Indian 


miter, Use 


\sia, however 


in many Jefferson's 


bridge, 
Edwards's 
languages of Massachusetts are still, fante di 
ful material for the student of 
linguistics.” 


present-day \lgonkian 


Thomsen, Vilhelm, Geschichte der sprachiwissen- 
schaft, 40-42. For some modern views of the relation- 
ships among the languages of the New World and_ be- 
tween those of the New and those of the Old, SCC Hoijer, 


JOHN C. GREENE 


PROC. AMER. PHIL. SOC. 


Mithridates, had little first- 
hand acquaintance with the languages they com- 
pared; they little concerned with the 
structural analysis of language, and they 
handicapped by 


says Thomsen, too 


were too 
were 
their reliance on the [ord’s 
Prayer as the main comparative text. In short, 
the MWithridates, though good of its kind, belonged 
to an era in linguistic science which was passing 
at the very time when it was published. In the 
next period structural comparison, rather than 
comparison of single words, would provide the 
clue to linguistic relationship. 

Linguistic structure was indeed emphasized in 
the work of the next American 
linguists, the generation of Peter S. Duponceau, 
John Pickering, and Albert Gallatin, but these 
men gave Vater credit for teaching them to ap- 
preciate its importance. 


generati m of 


Vater devoted more at 
tention to the structure of languages than he is 
sometimes given credit for; his contemporaries 
were impressed with his achievements in this field. 
Duponceau marveled at “the astonishing penetra- 
tion of the great Vater,” and warned that those 
who attempted research into Indian languages 
without first studying the \Wuithridates would find 
their that 
“that we 
should have to go to the German universities to 


“discoveries” 
“Strange !” 


anticipated in work 


exclaimed = Duponceau, 
become acquainted with our own country.” '* 
But 


ceau's 


what of Benjamin Smith Barton, Dupon 
predecessor and — fellow-Philadelphian ? 
Strange to say, the new generation of American 


linguists had little to say of Barton. 


Perhaps it 
was because Barton had neglected the structural 


Harry, Methods in the 
languages, and 


classification of American Indian 
North American Indian 
languages still spoken and their genetic relationships, in 
Language, and personality: essays m 
of Edward Sapir, 3-14, 15-40, Menasha, Wisconsin, 
Sapir Memorial Publication Fund, 1941; Sapir, Edward, 
Central and North American languages, [encyclopaedia 
Britannica, 14th ed., 5: 138-141; The similarity of 
Indian Setence 57, Supplement : 


Voegelin, ( I: 


culture memory 


Chinese and languages, 


xii, 1925; Mason, J. A., The languages of South Ameri 
can Indians, Handbook of South American I[ndtans, 
Julian H. Steward, ed., 6, Part [1]: 157-317, Washing 


Printing Office, 1950. 

Historical and Laterary Com- 
American Philosophical Society 1, 373, 
1819. For an interesting illustration of 
the interplay between German and American scholarship, 


ton, U. S. Government 

1s Transactions of the 
mittee of the 
Philadelphia, 


see: Letters of Christoph Daniel Ebeling to Dr. Wil 
liam Bentley of Salem, Mass. and to other American 
correspondents, Proc. Amer. Antig. Soc., n. s., 35: 272 


451, °1925.. ft 


volumes of the 


was Ebeling who 


Vithridates 


sent) Duponceau the 


relating to American lan- 


guages 
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aspect of language. Perhaps they preferred to go 
much of 
John 


Whatever the reason, it seems a little strange that 


directly to the source of Barton's in- 


formation, the Reverend Heckewelder. 


the Duponceau Hec kewelder correspondence, be- 
gun in the vear after Barton's death, should have 
taken so little notice of his work \ prophét is 


not without honor save in his own country ! 


Hecke welade r 
material to “my 

adding: “He ofte 

a book, and make 

Had he not 


should long sine 


letter 
MIL uUistic 


mentions his 
friend the 
that he 
proper use of my 
this so 


liid., 361. In this 
many donations of | 

late Dr. Barton,” 
would publish 


told mx 
com 


munications told me 


rey atedly, I 
tried to 


published, 


have correct Many gross 


errors, Written and 


respecting the character 


and customs of the Indians.” Pickering nearly over 


*s contribution in his memoir, O1 


looked Bartor the adop 
tion of a uniform orthography for the Indian languages 
of North America, Wemoirs of th lmertcan .leademy 

f ces # (2): 3 336, 18] V hic 


Irts and Sew over 


LINGUISTICS IN 


AMERICA 


The wheel had now come full circle. A young 
Philadelphian pursuing his studies in Britain and 
Germany had aspired to compare the languages of 
the Old World with those of the New. Through 


the kindness of Joseph Priestley, an English ref- 


ugee 


in the Pennsylvania wilderness, a linguistic 
the 


pleted by a German scientist was made available 


work begun by Catherine Great and com 


to him. Barton’s work, in turn, proved highly 
useful to a German linguist named Vater, whose 
writings were to inspire the next generation of 


What 


could be asked of the internationalism of science ? 


American linguists better demonstration 


sight was repaired in a 


See also the 


postscript at the end of the 
article notes by 
to John Eliot's Indian 


Pickering and Duponceau 
reprinted in the 
( ecttons of th lassachusetts Historical Society, ser. 


2,9: 2 


srammimar equi 
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E. 


Not only the man in the street but also pro- 
fessional students of society hold very limited im- 
ages of what Most often they take 
it to mean simply the drama of criminal trials: 
Perry Mason on Saturday 


“law” means. 


night television, the 
lurid promise of the murder varns on drugstore 
racks. If they think of law in a little broader 
reference, probably it will be in terms of a remem- 
hered picture in a high school history text, of 
portly gentlemen in frock coats, striking attitudes : 
Webster replies to Hayne. If one presses them. 
the social scientists at least may concede there is 
more to law than this. Law, they will grant, states 
a great many doctrines which provide much of 
the vocabulary of public policy discussion. But 
this is, after all, largely formal stutf ; sophisticated 
students know that reality lies in the substance, 
In operations, in getting behind the law's formalism 
to the hard facts of interest and practical maneuver. 
So much for law—and_ little 
neither the man in the street 


wonder, then, if 


nor the student of 
society shows much curiosity to learn what aspects 
of social events or social processes might be better 
umined by law's 


knowing more about” the 


contribution. 


Criminal trials and constitutional debates are 


important. 
distressing 


Important, too, in ways which to a 
degree are not understood even by 
well-educated men, is the formality of legal process. 
But these aspects of legal order, however 1m- 
portant, fall far short altogether of representing 
the significance of legal process in this society. 
\ more adequate definition of the attributes of 
our legal order suggests that study of law in these 
terms—and in particular study of legal history in 
these terms—should contribute more to the under- 
standing of the society than the lay stereotypes 
would indicate 

For studying social process, the most useful 
social 
What are the most distinctive 
and most important jobs we have asked the law 


this 


definitions of law are made in terms of 


functions of law. 


to do in society 7 This asks for a modest 


PROCEEDINGS OF THLE AMERICAN PHILOSOPHICAI 


SOCIETY, VOL. 


definition: not what is “law,” anywhere, anytime, 
but what has law been in the development of this 
particular society. ‘This modesty 
to the limits of what we know 
functions of legal order. It 


Is appropriate 
about the 
is appropriate also 
to a definition of law looked at historically, because 
history regards events, 


social 


that Is, looks at processes 
context. Moreover, this 


relativist definition of law is peculiarly appropriate 


always in particular 


to our situation. For we have taken as a central 
value the idea that legal order should find its 


warrant in serving men as they strive to realize 
which means that 
law must find its warrant in relation to particular 
experience. 


the larger potential of being 


Four functions have been specially important 
to defining law’s roles in the growth of this so- 
ciety. (1) To law we assigned the legitimate 
monopoly of violence; normally only the police- 
man goes armed, As a corollary, to law we as- 
signed ultimate scrutiny of the legitimacy of all 
forms of secular power developed within the so 
cietv—that is, of all means by which some men 
may exercise compulsion over the wills of 
men. 


other 
Modes of competition and forms of private 
association thus exist subject to legal regulation 
to protect the public interest. (2) We used law 
to define and to implement an idea of constitution- 
alism as the norm of all secular power. This is 
an idea which with us had reference to all forms 
of secular power, not merely to. official power. 
It meant, first, that we believed there should be 
no center of secular power which was not in some 
way subject to review by another center of such 
power. Ii there seems something paradoxical in 
this notion, the historic record nonetheless shows 
that we lived by it; for example, we used law to 
foster and protect the growth of private (that 1s, 
non-official) associations like the business corpo- 
ration or religious, political and social associa- 
tions, to build centers of energy and opinion which 
might provide counter weights to official power. 
Thus we sought to make all secular power respon- 
sible to power outside itself, for ends which it 
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alone did not define. But responsibility means 


nothing until we know, responsibility for what ? 
The 


insistence 


second and most distinctive aspect of our 
that all power be responsible 
(constitutional) power, was that we held the final 
measure of responsibility to be in serving individ- 
ual lite. (3) We formal 
definition of values and of appropriate means to 
unplement values. — In this legal 


order was characterized by strong insistence on 


secular 


used law to promote 


other words, 


procedural regularity. (4) Finally, we assigned 


to legal process important roles in allocating 


scarce resources—of manpower and human talent, 


as well as of non-human sources of 


energy—tor 


shaping the general course of economic develop- 


ment. This was an especially important use of 


law, in a society which believed that in economic 
creativity it held the means to fashion new stand- 
ards of human dignity \t the outset government 
here held the unique asset of the public domain, 
which we spent to help build turnpikes, canals, 
and railroads and to create in the Mississippi 
Valley a republic of family farms. Likewise. we 
made bold use of taxing and spending powers of 
national, state, and local governments to help cre- 
ate the framework of economic growth. Resource 
allocation by law was the more striking in our 
history because we placed great reliance on broad 
dispersion of economic decision making into pri- 
vate hands through the market, implemented 
We 


supplemented private energies in market by im 


through the law of property and contract. 


portant delegations to non-official persons of pow- 
ers of public concern. We railroads the 
granted franchises 
to enterprisers to conduct public utilities and to 


gave 
right of eminent domain; we 
charge toll for their services; by grant of limited 
liability to corporation stockholders and by con- 
tract, property and tort doctrines which in etfect 
favored venture, we encouraged men to take the 
risks of action, letting losses lie where they fell 
unless someone who had been hurt showed com- 
pelling reason why the law should help shilt the 
burden. 

that law Itself 


into the organization and processes of this society 


These uses of law mean wove 


in ways which should make the study of legal 
and in particular of legal history 
(i) 
legitimate monopoly of force, and incident thereto 
the authority to call to account all other forms of 
secular 


process 1m- 


portant to se cial science. Because it held the 


power, law bore some relation to all 


types of association and all means for mustering 
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collective will and feeling. The obverse of free 
religious association here, for example, was the 
legally embodied policy of separation of church 
and 2 North I 


(2) Because American legal 
order sought to give content to the idea that all 


state, 
power must be constitutional (responsible) power, 
law entered into the practical meaning that individ- 
uality had in this society. The constitutional char- 
acter of this legal order likewise meant that law 
was actually social 


or potentially part of the 


structure and social process; there was no pattern 
of social organization, no procedure of social inter- 
action whose significance could be appraised with- 
out taking into account the demands which an 
ideal of constitutional order either did in fact make 
on it, or should make on it. Thus, for example, 
we cannot tell the story of the status and roles ot 
women in the United States without including the 
meaning which the movements for married 
women's property legislation and equal suffrage 
condition of 


had for defining the woman as an 


effective member of the society. Again, we can- 
not understand the social history of the business 
corporation without including the search for ac- 
ceptable definitions in law of the grounds on which, 
first, the practical power of corporate owners, and, 
more recently, of corporate management may estab- 
lish legitimacy. (3) Because this legal order em- 
phasized procedural regularity—providing diverse 
organized means for bringing choices to definition 
and mustering evidence and reasoned argument 
for their resolution—law~ entered — significantly 
into the process by which men created social goals 
and mobilized energies of mind and feeling to move 
toward their goals. Of course we must not exag- 
gerate the rationality of the law, any more than of 
other institutions 


to create 


Regard for procedures tends 


inertia or complacency with famuliar 


ways; passion and prejudice color legal operations 
as they color any human operations where men 
feel deep concern about the stakes. Moreover, 
how men feel is at least as valid a part of their 
experience as what they achieve by reason; in- 
deed, reason probably tinds justification ultimately 
only as an instrument by which men achieve more 
subtle, more and 


So qualified, however, and 


emotion. 
within the 


framework of a constitutional ordering of 


varied, more shared 
always 
power, 
the increase in men’s rational competence and the 
extension of more rationalized processes of human 
relations ranked high among the organizing values 
of this society. Legal process ranked with in- 


dustrial technology and with organized science as 
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a major means to enlarge the scope of rationalized 
behavior. In the half of the twentieth 
century the trend of events seemed likely to give 
larger importance to the law’s rationalizing role, in 
the interests of maintaining a vital constitutional 
tradition. The pressure of scientific and technical 
rationalization of 


second 


increased the 
organization, the 
demands made in the name of organizational in- 
tegrity and efficiency, and the inertia created by 
organization mass. Legal procedures in part had 
served and would continue to serve to provide a 
framework of 


social processes 


scale and: intricacy of social 


reasonably assured expectations, 
hacked by the force of the state, within which a 
complex social division of labor could work. More 
important, however, in our tradition legal pro- 
cedure had the ultimate function of implementing 
the constitutional idea—that choices and the costs 
as well as gains of choices be brought to definition, 
that power holders be made to account for their use 
tf power, angl all this in last analysis that power be 
life. That growth pro- 
ceeded along these lines was witnessed by the pain- 
ful efforts to hammer out a law of labor relations 
within which management and labor might create 


used to serve individual 


a kind of due process and equal protection of law 
to govern the discipline of the modern factory. 
(4+) Because we used law boldly as a means of 
resource allocation—with at least as great effect 
as we used the market—the history of legal process 
was woven closely into the general growth of the 
economy and of key relations of social and eco- 
nomic power in the United States. The terms on 
which we disposed of the public domain in the 
Mississippi Valley, for example, materially af- 
fected the development of a tradition of agrarian 
political revolt on the one hand, and on the other 
the growth of the political as well as business and 
social] power of big corporations, of which the first 
models were the land-grant railroads. The public 
domain no longer offers government the unique 
leverage it afforded for nineteenth-century social 
planning—though current controversy over fran- 
chises for use of the air 
growth 


waves reminds us that 


social may bring new areas of public 
domain into policy significance. However, through 
its fiscal powers twentieth-century government 
plavs as large a role in affecting the directions and 
content of the commonwealth as did nineteenth- 
century government through the public lands. 
Demands upon the resources-allocation functions 
of law continue to involve law in the main proc- 


esses of social change and stability. 


WILLARD HURST 
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Finally, let me note that these social functions 
of law mean that legal processes produce un- 
commonly valuable raw materials for studying 
institutions, transactions, and events whose main 
focus lies outside law. Law's procedural emphasis 
—its provision of varied methods of bringing to 
definition and decision value choices of all degrees 
of importance—is at the bottom of the fact that 
law tends to build a ‘storehouse of data for gen- 
eral social science. But it is the fact that law's 
procedures work for purposes set by the other 
three functions of legal order that produces the 
activity that fills the storehouse. 





law scrutinizes 
the over-all dispositions of power in the society ; 
it embodies and insists upon the constitutional 
idea that the uses of power show justification ; 
it is used to reach decisions on resource allocation 
outside the market calculus. These functions mean 
that a great range of men’s economic and social as 
well as their political objectives, tensions, and 
strivings are made more visible and are caused to 
leave more tangible evidences of their presence, 
through legal records. 
judgments, 


In constitutions, statutes. 
and administrative 
orders, and in the enormous volume of statement 
and 


and executive 
these in re- 
reports, in 
judicial and administrative opinions, as well as in 


rationalization which surround 


corded proceedings. in committee 
petitions and bills and such routine forms as the 
income tax return—in all these we have one of the 
largest and perhaps on the whole the most ordered 
body of evidence that any of our institutions pro- 
reflect many of and the 
troubles we have in bringing values to awareness 


duces, to our values 
and doing something about them. 


the teo narrow 


It is a sign of 
ideas that the student as well as 
the man in the street has of law’s functions, that 
both historical and current cross-sectional study 
of human relations have made limited use of the 
data atforded by legal process. 


? 


However, if laymen draw less understanding 
than they might from legal materials, they may 
properly say that they have had little guidance 
from law men to do better. Aside from providing 
concepts and ordering judicial precedents for the 
immediate operating needs of bench and bar, legal 
research has a thin record of accomplishment over 
the past ninety years in which university law 
schools have grown to some stature. The defects are 
not primarily defects of method, though when we 
press more ambitious study of legal order we as 
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hard limits of our 


techniques as do students of other aspects of men’s 


soon encounter the 


present 
behavior. But at this stage the trouble lies much 
deeper than method, The fundamental defect is a 
want of philosophy. legal research has moved 
within very limited borders, relative to its proper 
field, because it has not been grounded in ideas 
adequate to the intellectual challenge which the 
phenomena of 

This United 
legal history as a field of scholarship, in its promise 


legal order present. 


essay seeks to appraise States 


need not, nor 
could I within this span, take stock of the whole 
reach of 


sald 


and in its development to date. [| 


However, what can be 
of the discipline of legal history applies in 


research in law. 


large measure to other types of legal research. 
Research and writing in North American legal 
history show four major limitations. Implicit are 
limitations of conception which characterize most 
of the published) work should 


Here criticism 


move carefully. Where men have defined mean- 
ingtul problems for study it is irrelevant as well 
as unfair to criticize the particular product because 
Fair 
criticism may be made of the over-all allocation of 


it does not deal with some different subject. 


energy, where work concentrates on a narrow 


range of problems to the neglect of others of 


equal or greater meaning. Fair criticism may he 
effort rests 


on express or implied rejection of other themes 


made where the over-all allocation of 
for whose development a good case can be made. 
Fair criticism may be made where particular work 
is done from a parochial point of view which omits 
effort to trace relations either to the larger issues 
of legal order or to the relations of legal to social 
order. There is much work that needs doing in 
the study of our legal history, and thus far there 
are too few able recruits for the work. Hence the 
Most pertinent criticism may be not of particular 
jobs done, but of the failure of practicing legal 
historians to show the excitement inherent in the 
held with enough conviction to enlist more talent 
for the whole enterprise. Ordered learning is 
made from the building blocks fashioned by de- 
voted study of particulars. There need be no 
parochialism in work on a limited subject, if the 
worker sees the subject in relation to a large 
context. But) significant ordered learning does 
not consist in rubble, nor does it grow without the 
skill of master craftsmen who know how to fit 
building blocks together. 

Four limitations of the general product attest 
North 


the want of philosophy in the study ot 
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American legal history. (1) Historians have ex- 
aggerated the work of courts and legal activity 
immediately related to litigation. (2) They have 
paid too little attention to the social functions of 
(3) They have not distributed their effort 


with adequate response to the facts of timing and 


law. 


the reality of major discontinuities in the country’s 
(4) They 


have exaggerated areas of conscious conflict and 


growth in relation to the uses of law. 


deliberated action, at the expense of realistic ac- 
count of the weight of social inertia and the mo- 
mentum of social drift. 

Anglo-American law men are by tradition and 
training biased toward equating law with what 
judges do, to the neglect not only of legislative, 
executive, and administrative activity, but also to 
the neglect even of the out-of-court impact of the 
work of lawyers, let alone the additions or sub 
tractions made in legal order by lay attitudes and 
practices affecting legal norms. We early trained 
lawyers by apprenticeship which taught them court 
pleadings and client caretaking. When the prin 
cipal revolution in legal education arrived in the 
1870's, it was organized about the case method 
of instruction, which again emphasized the work 
of courts. Most of the business of the bar through 
the nineteenth century had to do with the property 
and contract affairs of clients, and most of the law 
of these fields was common (that is, judge-made ) 
law, so thac through the formative period of our 
main legai tradition the focus remained on the 
judicial process. Thus, first our treatise writing 
and later the writing done for legal journals dealt 
mainly with public policy as declared by courts. 
This bias of professional thinking was not affected 
by the fact that through the nineteenth century 
Congress and the state legislatures churned out 
large quantities of important legislation, or by the 
fact that in great areas of policy which did not 
lend themselves easily to common law develop- 
ment the framework of the law was erected mainly 
in statutes (as in the law of the public lands, 
public education, public utilities, highways, health 
and sanitation, or the organization of local govern- 
ment). From limited beginnings in the late nine- 
idministrative law- 
making grew to great proportions alongside the 
statute law. 


teenth century, executive and 


Judicial law-making was never as 
exclusively important as the concentration of legal 


writing might seem to show. From the 1870's on, 


legislative, executive, and administrative processes 


definitely became the principal sources of formed 


pohey. The course offerings of even the better 
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law schools were slow to reflect this reality. But 
legal research was even slower, with legal his- 
torians badly lagging the field. Of course the 
work of the courts continues of great importance. 
In our time legal and non-legal institutions take on 
increasing size and there is growing readiness to 
accept demands made on individuals in the name 
of the security and operating efficiency of large 
social aggregates. In this context more than ever 
before the availability of independent courts and 
an independent class of professional advocates 
supported not by grace of the state but by private 
fees, represent basic elements of civil liberty. In 
the second half of the twentieth century the courts 
have distinctive importance because they are the 
forum in which individuals and small groups, of 
their own resources, can best call organized power 
to account. To recognize this, however, in no 
measure justifies the extent to which legal history 
writing, along with legal philosophy and other 
legal research, has treated the judicial process as 
if it were the whole of legal order. Symbolic is the 
fact, for example, that while twentieth-century 
scholarship has given us at least four large-scale 
treatises, a dozen substantial monographs and 
scores of essays in the law journals on the history 
of constitutional doctrine as it has been made by 
the Supreme Court of the United States, we lack 
a single first-rate modern work on the history of 
constitutional doctrine as it has been formed in the 
Congress. 

The bulk of legal history writing has been about 
We have much 


writing about commerce clause doctrine, but little 


topics defined by legal categories. 


doctrine 
for the development or operation of sectional or 
nationwide 


about the meaning of clause 


commerce 
marketing organization, or about the 


impress which such business history may have 


made on constitutional principles. There is some 
rather formal history of property law, but little 
history of the significance of fee simple title for 
types of land use, for the private and social ac- 
counting of income and costs of alternative Jand 
uses, or for the political and social balance of 
power. There are some essays on the history of 
contract law, but little or no effort to define or ap- 
praise the meaning that contract law had for the 
functioning of the market, the provision of credit, 
or the allocation of gains and costs of business 
venture. There are scattered writings about the 
history of the mortgage, the corporate indenture, 
the receivership and tax law, but we lack the good 


studies we should have of the historic relations of 
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law to the growth and channeling of investment 
capital. There is a good deal in print about vari- 
ous aspects of the 


nected 


sill of Rights, but no con- 
story of the implications of civil rights 
doctrines for the shifting balance of power among 
various kinds of groups and between the individual 
and official and private group power at different 
stages of the country’s growth. Though better 
than a generation has gone by since we heard the 
call for a sociological jurisprudence, legal history 
writing has made little response, but continues 
content on the whole to let the formal headings of 
the law fix its subject matter. It is an 
course of affairs, in a society whose tradition 1s 


Ironic 


so strongly constitutional, insisting that legal order 
is not an end in itself but gains legitimate meaning 
only in terms of its service to ends of life outside 
law. 

In the total distribution of effort, 
been a disproportionate attention in 
writing to beginnings—and to beginnings in their 
most 


there has 
legal history 
obvious sense—at the expense of proper 
development of hypotheses concerning the main 
lines of growth through to our own time. Much 
attention has focused on colonial origins, on the 
period of constitutional experiment from 1776. t 
1790, and on the 


national expansion. 


frontier 
I do not quarrel with the 
worth of attending to such formative periods taken 
in themselves, but 
onto 


successive phases of 


only with the tendency to 


fasten origins without equal curiosity to 
through, and with failure to see that in 


terms of law’s relation to gathering Issues of power 


follow 


and social function there were other less obvious 
periods of beginnings which should also be studied. 
First, as an example of the want of follow through, 
it is odd that for so many states we have writing 
which with care sometimes verging on antiquarian 
enthusiasm traces the beginnings of territorial and 
state courts (once again, the excessive preoccupa- 
tion with judicial process), but little good writing 
on such basic themes as law's relation to the 
networks, the 


response to the business cycle, or the relation of 


creation of transportation law's 


tax policy to the fortunes of agriculture and other 


extractive industries. These omissions are, of 


course, part of the neglect of the social-function 
But 
they also represent a neglect of a familiar and im- 


history of law which I have already noted. 


portant time sequence characteristic of the growth 
of these states, whose people normally established 
their basic legal institutions in the nineteenth cen- 


tury with some obvious impatience to get on to 
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their central care, which was the expansion of 
their economy. 

Second, on the neglect of the less obvious begin- 
nings, the most notable examples are the relative 
inattention to the sharp changes in direction and 
pace of social movement which came about im the 
1830's, the 1870°s, and the 1930's The 1830's 
saw rapid development of markets and marketing 
emphasis in the public poliev-making of one state 
after another, with reflection especially in the 
statute books, as we passed from relatively simple 
agrarian to more commercial and credit-centered 
economues. The 1870's saw the rapid cumulation 
of forces channeled or given new impetus by the 
new scale of organization of men and capital and 
the new techniques of public and private finance 
generated out of the North’s war effort. Change 
here was far more drastic than in the 1830's and 
continuity. Due 
mainly to the shifts in the size of private industrial 


amounted to a major break in 


and financial organization and in the reach of mar 
kets which gathered force in the ‘70s, by the late 
‘90s the United States was a qualitatively different 
society from what it had been before the Civil War. 
The strains and conflicts, 


tendant upon this rapid and major alteration ot 


the gains and losses at 


the country’s power structure and modes of opera 
tion provide main themes for legal history which we 
have hardly begun to explore. The 1930°s saw the 
cumulated impact of trends in social and economic 
interdependence which had been gathering force 


since World War | 


is so large, indeed, that one may 


The challenge of these themes 
wonder whether 
more essavs on territorial beginnings represent so 


much contributions to knowledge as refuges from 


more exacting studies 


legal history research may be especially subject 
| 


to a bias toward themes of conflict, or at least 


toward themes which emphasize conscious and 


debated decisions. Such a bias is favored by the 


emphasis of our legal order on formal procedures. 


So far as they are efficient, regular procedures for 


framing, deliberating, and adopting constitutions, 


statutes, executive orders and administrative rules 


work toward bringing choices to definition, align 


ing interested parties, promoting expression and 


energizing will Lawsuits and court decisions 


work even more dramatically to these ends. Hence, 
so far as legal history research has tended toward 
‘xaggerated emphasis upon the judicial process, 
it has particularly strengthened a bias toward 
equating men’s history with the record of their 


more or less conscious strivings. Yet, the broader 
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the reach of our hypotheses and the deeper our 
concern to study the social functions of legal order, 
the more we will learn to respect the relative in- 
fluence of inertia and drift The most 
realistic view of all aspects of man’s history leads 


in affairs. 


to the conclusion that most of what has happened 
to men has happened without their wanting it or 
striving for it or opposing it or—more important 

without their being aware of the meaning of trends 
until patterns of structure and 


veloped past) points of revoking. 


force have de- 
This general 
judgment seems no less true of legal history in 
this country. There is peculiar irony in the tact, 
since it is the business of constitutional legal order 
No ex- 
ample is more instructive than the history of anti 
trust law, whose development both reflected and 


to promote responsible control of events. 


persistently lagged the imperious course of revolu- 


tions in industrial and financial organization 
\side from some efforts either to expound. or 
refute Marxian stvles of hypothesis ——and even 
here the institutional cast of language only thinly 
disguises villains or heroes felt to be working in 


the background—the North American 
] 


legal history has paid little attention to putting 


writing of 


legal phenomena in due perspective relative to the 


Massive weight of mertia or to 


movement of decisions taken by 


the implacable 


drift and default 


If legal history research and writing in this 


country have moved within too narrow limits, the 
criticisms point to some positive prescriptions. 
(1) We need allocate more effort to studying 
legislative, administrative 


executive, and 


proc- 
bar's contributions to these 
formal processes and to the informal social regula 
tion that goes on through the market and through 
private association, 


esses as 


well as the 


Likewise we need more at- 
tention to ways in which lay attitudes toward law 
(including Javmen’s disregard of law or. their 
nustaken images of it) have affected the creation 
of institutions of social order other than formal 
legal institutions. (2) Legal history should begin 
to contribute more to develop fact-based, fact 
tested 


pre CESS, 


theories of social and social 
should) have more 
legal history written in terms of law's operational 


significance for the 


structure 
For example, we 


institution of the market, 
studied in as wide a range of interplay of law 
and market as the wit 
scholarship can 


devotion of 
compass. (3) 


and legal 
Legal history 
writing should come to bear with greater em 





phasis upon the past one hundred years in the 
United States. Especially should there be sub- 
stantial scholarly investment in study of the pro- 
found shifts in structure, process, and attitudes 
that occurred in the generations beginning about 
1820 and 1930's. 
Legal history has not been made only by quill 
pen and candlelight. (4) Not with despair but 
with realistic estimate of the odds against man’s 


1861, and in the depression 


conscious contrivance and out of conyicton that 
his distinctive quality lies in rebellion against the 
odds, legal history should treat as critical themes 
the impact of social inertia and social drift. Nor 
can we afford to this direction with any 
moral complacency, weighing our own. shrewd- 
ness against the blunders of our ancestors. If the 
more — significant regarding natural 
resources use were made by default in the nine- 
teenth century, no less by default have been the 
twentieth-century 


take 


decisions 


decisions on — metropolitan 
growth; if the nineteenth century allowed market 
demands for rail transport unduly to determine 


the course of public policy, no less has the 


the immediate 
veniences, comforts, and social status markings of 


twentieth century allowed con- 
the automobile to determine a fantastic range of 
matters of public concern, from the safety of life 
The 


physical size of this country, the invitations to 


to the location of commerce and industry. 


large-scale economic effort posed by its natural 
resources and population growth, as well as deep- 
rooted, but little-calculated the self 
values of growth and movement and 
change (in intangible senses of status and accom- 


faith in 
evident 


plishment as well as by tangible measures of 


product and location)—such factors — contrib- 


uted to make provision of transport an element 
of uncommon influence on our public policy, and 
a good example in both pineteenth- and twentieth- 


century settings of the type of unplanned and 


largely undirected cumulation of events which 
had basie shaping effect upon what law was 
asked to do and how it did it. 


There are many profitable directions in which 
a broader conception of legal history might take 
us. | have drawn specific prescriptions from four 
criticisms of limitations implicit in the bulk of 
work so far done. In addition let me note some 
more general developments that would be useful. 
Two concern the more effective study of legal 


institutions themselves. Two concern  particu- 


larly critical kinds of meaning which the study 
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of legal history might have for better understand- 
ing the general course of this society. 

(1) In. times 
when social change moves fast, wide, and deep 
amid peril to the prized values of a constitutionally 
ordered community, we need more sophisticated 
knowledge of the potentials and the limits of the 
major 


First, as to legal institutions: 


agencies of other 
would 
because of the extent to 


which we depend upon public finance to sustain 


law-making. If no 
currents of events enforced this need, it 
gain enough urgency 


the momentum of the economy and upon foreign 
policy to maintain the national security. On the 
whole the organization, procedures, and working 
traditions of the legislative and executive branches 
represent responses to conditions which the fast 
It there 
need be less concern for the adequacy of judicial 


pace of events has put far behind us. 


organization, this is not because it lacks serious 
detects. However, the most important job for 
the courts in this highly organized modern society 
is not that of general policy-making but of in 
suring some minimum of decent procedural pro 
tection for individuals and small groups confront 
ing large organized power. On the whole this is 
a task simpler enough than general policv-making 
so that it can be handled with what we have, if 
bench and bar apply their traditions with intel 
and The situation is quite 
different as to the sufficiency of the legislature 


ligence courage. 
and executive before the daunting challenges of 
the times; the difference is reflected, for example, 
in contemporary the proper 
roles of legislative investigation, and over fune- 
tions of the National Security Council or the 
Joint Chiefs of Staff, or in hearings and debates 
of the Congressional Joint 


controversies over 


Committee on the 
economic Report of the President’s Council of 
Icononie Advisors. Types of public problems 
vary in distinctive character and challenge; types 
of public ageney vary in distinctive capacities, 
whether born of formal structure and process or 
of tradition. Legal history should lend us more 
insight into the working character, promise, and 
limitations of formal agencies for making public 
decisions. (2) There is no more badly neglected 
area of legal research than that of sanctions, the 
comparative study of methods of implementing 
policy. Given life’s infinite variety and the hard 
limits of social science research techniques so far 
available, the study of sanctions is an area in 
which we now stand to gain most from history. 


Nor should we view it as the study of factors of 
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choices, the 


secondary 
basic 


unportance, difficult the 
surely must 
judgments of the promise and costs of imple- 
mentation enter into the basic decisions. More- 
over, we out of 


expect to do. 


More 


policy more 


grow into some basic decisions 


experience of what we 


Sophisticated study 


can 
of experience in- enforcing 
public policy will require overleaping the limita 
tions which have marked the bulk of legal histor- 
ical writing—appraising the interplay of legislative 
and executive with judicial processes, relating law 
to the functional character of other social institu- 
tions on which it impinges, putting legal decisions 
and procedures into the proper perspective of the 
times in which they are made, weighing the posi 
tive investment of resources which the law must 
it is 
a commentary on the failure of scholarship thus 
far to tackle many major problems, that, for 
example, in the 1960's 
difficulties of 
laws for 


prov ide or direct to obtain desired results. 


confront the 
building equal protection of the 
Negroes in 


when we 


and 
have no studied body of experience for guidance 


voting schooling we 
in handling problems of large-scale hostility to 
public pohiey. Tf legal historians will set them 
selves to significant problems in legal sanctions, 
they will lack no longer for a more searching 
philosophy of their discipline; their problems will 
push them into philosophy 

Second, considet two respects in) which a 
broader approach to legal history 


insights of 


might vield 


two types specially important to 
understanding the general life of the society. 
(1) Because of the four kev functions we have 


assigned to Jaw—its scrutiny of all 
secular power, its constitutionalism, its emphasis 
on procedural regularity and its role in resource 
allocation 


types of 


but especially because of Jaw’s for 


mality (its attention to regular procedures for 
examining and offers 
peculiarly important evidence of the values which 
this and vitality Ot 
course this is not true in equal measure of all we 
find recorded in law; 


taking decisions), law 


give society coherence 


inertia and drift play their 
roles here, too, so that a prime job for legal 
history 


is to distinguish what has living force 


from what is dead or dying, deceptive or hypocrit- 


ical. Granted this need of taking distinctions, 


legal history, just because of its relative formality, 
offers unusual evidence of the development of the 
values our people have held. Thus, study of 
legal history can make special contribution to the 


general history of ideas. The study of a people's 
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values has basic importance to understanding a 
society, for it is the sharing of values that pro- 
vides the bond of lasting human relations, even 
where (as with the value we put on the competi- 
tive processes of the market) the shared values 
may express themselves in) secondary conflict. 
Study of the growth of shared values has special 
unportance not 
particular 


strength. 


only for understanding — this 
society, but for 


We amid a 


bustle of events and subject to major discontinut 


contributing to its 


have grown. fast great 
ties in the emergence of new relations of power 
and process. We need to know ourselves in our 
strengths and failings much better than we do. 
‘There this the 


common has 


is evidence of need in uncertain 
allegiance which 
under stress such traditional 
those of the Bill of Rights. A 
with legal history as an avenue to study of ideas 


will 


opinion shown 


even to values as 
broader concern 
bring the 
kinds of analysis as 
well as into relation with the most critical living 


this discipline into” relation to 


fundamental 


most social 


problems of our own generation 

(2) Because legal processes and legal record 
bulk large among ways in which we bring values 
to definition, a broadly conceived legal history 
could help us come to terms with the good and 
the bad features of the pragmatic attitudes that 
are so central in this culture. 
that we that tramework 


of generalized values men must make meaning 


Qur actions show 


have beheved within a 
for themselves, in a universe whose baffling detail 
and drift 
experience. 


sweep favor and inertia as the norm 
In this light the main 
theme of man’s history is the cultivation of his 
awareness and of his capacities of mind and will 


to act upon his greater awareness of his situation. 


of men’s 


We need to strive to see, and to learn what our 
creative possibilities are by striving to act upon 
what we see. The experimental and activist bias 
culture rest 

other our preoccupation with 
directed effort and what it teaches has led us also 
into a toward the immediately 


practical—in the sense of knowledge which can 


ot our these valid 


Qn the 


upon 
hand, 


insights. 


bias exalting 
he translated into immediate operations—at the 
expense of understanding larger causes and more 
remote chains of effects. Thus a valid pragma- 


tism is constantly at war with an 
life. 
effort to upon 
making choices and counting gains and _ costs, 


illegitimate 


pragmatism in our way of Because it 


brings so much focused 


bear 


legal process offers rich tangible evidence of these 
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warring brands of pragmatism in our common 
life. For example, the history of our worship 
of the fee simple title to land—in its fruitful 
relation to the development of civil liberty on the 
hand, and its unfortunate relation to the 
natural resources on the other—could 
be told in ways to show how legal history might 
illuminate the sound growth and also the distor- 
If the 
cultivation of awareness is the basic theme which 


one 


waste of 


tion of pragmatic values in this society. 


expounds man’s most distinetive life role, the 
most characteristic functions of our legal order— 
its scrutiny of the arrangements of 


responsibility 


power, its 
insistence on the (constitutional 
status) of legitimate power, and on procedural 
regularity, and its uses for resource allocation— 
point to the intimate relation which the imagina- 
tive study should 


of legal history have to the 


study of general history. 
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Implicit in what | have said in appraising some 
approaches to legal history is the notion that we 
should study history to learn more about realizing 
life’s possibilities. History itself will teach us 
not to hold a naive faith that men readily learn 
from history. Moreover, the view I take of man 
means that there is no need to apologize for 
studying history partly because there is pleasure 
in the effort ; the enjoyment lies precisely in man’s 
nature, for his life consists most distinctively in 
But 
than aesthetic experiences 
They are themselves kinds of activity which con 
stitute man’s distinctive being, 


his consciousness. writing and reading 


history are more 
which consists in 
his response to and rebellion against the chal 
this 
sense that legal history research and writing stand 


lenges of an impersonal universe. [t is in 


under the functional command to serve the growth 
of our philosophy. 
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supported 


des 


1766 
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easter, was 
exactly 
anc 
unsuccessful linguistic theory in hopes of finding 


for almost two decades a fantasti 


the key that would enable him to read the texts 
of ancient Egypt. Success, 
to be his, 
the 


than 


although it was not 
was nearer than he thought. In 1799 
Rosetta Stone was discovered: and in tewer 

twenty 
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errors 
standing of the annals and literature of Egypt 
But it is true that more than four hundred vears 
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The 
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modern rediscovery of ancient egypt as 
ot the 
hiteenth century when Ttalan humanists learned 
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Marcellinus, Lucan, and 
Pliny that the inseriptions on the obelisks brought 
to 
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highest 
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Rome hy their were once readable 
that both Plato 
were educated in’ Egypt. the humanists 
to the that of the 
order contained © in dumb 
documents of From the manuscripts of 
the and Latins, they that the 
theologians and philosophers of the Nile hid their 
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ancestors 
Convinced and 
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attempts, imperfectly described by the historians 
of Egyptology... who are naturally interested in 
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ceremoniae et novae 


literae 


capitalt supplicio punirentur™ (p 
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the year 1620, a “professor of hieroglyphics” 
knew because of these three compendia that the 
hawk hieroglyph stood — for 
humility, soul, prudence, temperance, fortitude, 
justice, blood, perpetual and glorious victory, 
Speed, air, and priesthood. It 
matter of looking at an inscription, fitting mean 


sun,  sublimity, 


was simply a 


ings to the symbols, conjecturing necessary verbs, 
adverbs, adjectives, prepositions, and = conjune 
and if the reading was 
publishing it as the translation. 

The process of conjectural reading, or rather 
conjectural had used 
earlier in the publication of Greek and [atin in 
scribed monuments, was applied to those of Egypt 


tions, occult) enough, 


explanation, which been 


when Lorenzo Pignoria (1571-1631) printed his 
monograph on the so-called Bembine Tables in 
1605.6 These tables, found at Rome in the early 
sixteenth century Paul TIT to 
Cardinal Vico of 
Parma in 1559 and by Franco of Venice in 1600. 


and given by 


Sembo, had been engraved by 
Pignoria, who was a classical scholar and anti 
quarian of some repute, reprinted Vico's engrav- 
ings with a running commentary about what he 
thought the tables represented. He does not, of 
course, always distinguish the hieroglyphs from 
the representations, but he manages to pick out 
\pis and 
During the 
teenth century, this method became very popular 


representations of Isis, Osiris, and 


write essays on these gods. seven 
as a means of expounding almost any art object 
[ But all the efforts of 
early  seventeenth-century 
scholars to read the hieroglyphs shrink to nothing 


from ancient Egypt. 


sixteenth- and of 
before the giant works of a man who was born 
a few vears before Pignoria’s book was printed. 
This man was Athanasius Kircher (1602-1680) 
and he was one of the most learned yet wildly 
imaginative men of his generation. 

Continental scholars of the seventeenth century 
who were students of literature or history usually 
knew many of the languages of the Near East, 
but a knowledge of Coptic was rare until Fabri 
de Peiresc, the generous French patron of scholars 
and a counsellor to the Parliament of .\ix, pro 

Garzoni, T., La Piazza Universale di tuttt le Profes 
stiont del Mondo, 243-245, Venice, 1601 

® The book appeared in 1605 as I'etustisstmae Tabulae 
eneae sacris AEgyptiorum simulachris coelatae accurata 
explicatio, in qua superstitionum ort 
ines enarrantur, in 1608 as Characteres Egypt, 
and in 1669 as Mensa Isiaca. A similar interpretive 
method is applied to a classical bas-relief in H. Aleander’s 
Intiquae Tabulae Marmoreae Solis f: fligie. 
Iexculptae, Rome, 1616 


antiquissimarum 


Symbolisque 


. 
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moted the study of that language by securing 
manuscripts from Egypt and subsidizing scholars. 
From North Africa he procured Coptic versions 
of the evangels, the Psalms, and the liturgies of 
St. Basel, St. Gregory, and St. Cyril? He was 
distressed when another supply of manuscripts 
was lost to Mediterranean pirates and attempted 
to recover it by with the 
He engaged Samuel Petit and 


Claude Saumaise to study this language, and the 


negotiating directly 
Pasha of Tripoli. 


progress made by Saumaise is plain in all that 
he wrote after 1630." 0 About the time, 
Pietro della Valle arrived in Rome with a Coptic 
Arabic dictionary that he had purchased in_ the 
Orient. 


same 


Peiresc tried to obtain this manuseript 
for the use of Saumimaise; but when he found this 
impossible, he arranged to have the book turned 
over to .A\thanasius 
who 


1am 
Kircher "? 
grasped opportunity by her forelock and used the 
manuseript for his 
the Prodromiuts 


Kircher (“‘linguae 


gnarus”’ ),' was then at Rome 
first important 
Coptus sive 


maise, who was probably 


publication, 
legyptiacus. Sau 
better suited to the 
task than the audacious and imaginative Jesuit. 
gave up this chance to add to his laurels with 
grace unusual in a scholar.’ 

The Prodromus Coptus concludes with a some 


Gaassendi, 
1655 
~ [hid., Saumatse, /: pistola 
See his letters to Grohe, / pistolac 
[ tfa, 168 and 
legyptiacus, 3, 
'1 Kircher began as 
ental languages; then 
Mathematics at the 
them 
mathematics, 


Pierre, De Vita Petresku, 152, 186, Hague. 


205-206 : 176, Leyden, 1656 
132-133, 156-162 
Kircher, Predromus  ( 
1626 


optus SIT 
Rome, 


} 
ui 


a professor of philose vy and ori 


r 
| 
Professor of 


went to Rome as 


Jesuit college. His books, many of 
fields of 


geology, 


repetitive, cover the physics, practical 
oriental 
Biblical antiquities. His strong 
imagination was uncorrected by his weak critical powers 

On hearing the that 
use of this important manuscript, Saumais« 


Peiresc: “Vay admiré dans les lettres du 


astronomy, medicine, 


languages, classical and 


news Kircher was given the 
wrote to 
Pere [ésunite, 
les belles promesses quil nous faict. Te suis des moins 
jaloux. Vay pourtant quelques petit remors que la gloire, 
a laquelle je prétendots, de découvrir le premier & mettre 
au jour une langue si noble & si ancienne & 


depuis un. si temps, me_ soit 


incognue 
long hautement 


que de premier abbord lon nous fournisse une Moisson 


ravie si 


toute entiére, sans aucune réserve d’y trouver seulement 
de quoy glaner. Cela me met au désespoir. le ne lair- 
pourtant de contribuer de tout mon possible 
a faire imprimer en Hollande ce bel & grand ouvrage. 
si tant est que peut Rome, & 
fusse demeure cet hyver, de 

Charactéres 
homme qui m’a este monstre par le 
scaura faire trés 
177-178. 


ros pas 
Védition ne s’en faire a 
j'avois dessein si j’y 
fondre a 


taire 
Leyden des Cophtiques par oun 
Sieur Golius qui les 
I pistolae, 


elegamment & nettement.” 
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times incorrect but not 


unimportant 
grammar and vocabulary drawn in part from the 


Co 0 tic 


manuscript Coptic-Arabie dictionary acquired by 
Pietro della Valle, but this section is simply an 
appendix to an introduction five times larger. In 
the introduction Kircher states his theory that 
Coptic is a degenerate form of Egyptian demotic 
and announces his plans. He proposes to re 
construct the earlier forms of Coptic, set up a 
“Thesaurus translate all 


Fir4, however, 


LLinguae Coptae.” and 
the Egyptian obelisks at Rome. 

he must that old Coptic 
hieratic could, of 

tongues. To 
that ancient 
city known to Pliny, Pausanius, and Plutarch, 
gave its name to the language. In its time, it 
was a town second only to Thebes. Now. Kircher 
says sadly, it has perished, “vix ruinas repertas.” 
The inhabitants of this city 


prove and 


demotic—the 


egyptian 
course, not de 
generate—are the 
this theory he 


same supp a 


argues Coptus, an 


worshiped animals 
just as the Iegvptians did, but they were even 
tually converted to Christianity. As a 
this 


result. of 


religious change of heart. the original 
egyptian language, corrupted elsewhere by Islam, 
was immaculately preserved in) Coptic monas 
teries, centers of culture and [ 
to India and China. 


Kircher’s linguistic proof of his theory is based 


sources Of missions 


on the uniqueness of Coptic, and he demonstrates 


at great length that words shared by all other 
oriental languages are unknown in Coptic. On 
the other hand, the 


phrase, the 


one known) old 


eevptian 
“Tsaphnath phanehh” of Genesis 
41: 45 is clearly the same as Coptic 


phanech.” 


*Psontom 
\dmutting that he is not vet perfect 
in this old language of I¢gypt, Kircher informs 
his readers that he is already studying the 
He regards these inscriptions 
“not so much as writing but rather as symbolic 


representations of sublime theosophy 


obelisks at Rome. 


expressed 
through signs that are universally intelligible.” 
18 Kircher’s pretensions and scholarship were attacked 
during the eighteenth century by many men Louis 
Picques said that outside of his mother tongue, Kircher 
knew only a little Latin and Greek: See Jordan, C. E., 
Histoire de la vie et ouvrayges de M. la Croze, 291-292, 
Amsterdam, 1741; see also Blumberg, C. G., /undamenta 
linguae Copticae, 29, 1716; Jablonski, P. E 
Pantheon AEgyptiorum 1: 274, Frankfurt, 1750; Trémler, 
C. H., Btbliothecae Copto-Jacobiticae Specimen, 22, 
Leipzig, 1767; Leibnitz, G. W.. Opera, ed. Dutens, 5 
296, 1768; Mencke, J. B.. De Charlataneria 
Eruditorum, 38-39, Leipzig, 1715; Ludolph, Job, Com- 
mentartius ad suam Historiam 4Ethiopicam, 21, Frankfurt, 
1691. 


Leipzig, 


Geneva, 
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With this esoteric announcement the nature of 
Kircher’s intellectual disease is made plain. Like 
many men of the seventeenth century, he was 


overwhelmed by a sense of universal mystery ; 
consequently, he stood ready to explain evervy- 
thing or, at least, half-explain it. To inform 
his readers about what they may expect when 
he has mastered the language and truly gets to 
work, he 
hieroglyphic interpretation.” 

In order to have a 
from the 


provides them with “a specimen ot 
Kircher 
Tables 
Pignoria had described modestly 
asa with the head of this 
figure Kircher finds six “universally intelligential” 
which “the 
“the 
world”; the 
circles on the shoulder, symbolizing the “superior 


well-known text, 


character Bembine 
that 
scarab 


selects a 
(hg 1) 
Osiris.” In 
figures: the scarab means world”; 
the head of 
governing — the 


Horus, which means reason 


(sun ) concentric 
heavens”; the crescent on the head, standing for 
“the moon or Isis”; the cross within the crescent, 
which can be read as “flux and reflux, generation 
and corruption, the mixing of the elements, the 
disunited universe bound by love.” Love is also 
expressed by the “philo” on. the 
tablet held by the 
course, the The sphere 
represents “the “the 
union of the upper and lower world through 
‘philo” Since the Copts were Christians, it 1s 
not difficult for Kircher to that the 
:gvptians also had some glimpse of the revela- 


( optic word 
scarab. The supreme symbol 
is, of winged sphere. 


universe’: and the wings, 


assume 


tion; hence, he associates the winged sphere with 
God, the beetle with Christ. and the “philo” with 
the Holy Spirit. He can now arrange his trans 
literation into a great theory of being that opens 


The 


the door to Egyptian metaphysical thought. 





Bembine Tables 


Osiris headed figure from the 
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mundi or 


The be ly ot 


winged sphere is the “anima 
“Hemepht,” the supreme intellect. 


the scarab is the “world machine” or Osiris. The 
concentric circles are the “celestial spheres” and 
the “caelestes genii.” The head is the sun or 


Horus; the crescent, the moon or Isis; the cross 
and “philo” are either the elements or the higher 
world connected with the lower by love or by the 
“daemones” who let out the “chain of being.” 
We have come from the top of things to the 
sublunar world; and, for the moment. Kircher 
leaves us there. 

Kircher’s second onslaught on the science of 
is the Lingua Aegyptiaca (1644), 
which is the Coptic-Arabic dictionary of della 
Valle with an appendix of ten essays’! but this 
work shrinks to nothing before the first of his 
great compendia of interpretations, the folio 
Obeliscus Pamphilus of 1650. In this volume the 
erudition of the scholar is spread over an area 
vast in time and and it that he 


He begins the 


gy pt re IV 


space, is clear 
triumphs in his sure success. 
immense book by dating the obelisk (which had 
recently been moved from the Coliseum of Cara 
calla to the f 
Soth, 


the reign of 
Then he 


Agonale Forum) in 
Menuphta, 
informs the reader that the subject of the in 
scription is sun-worship and that the obelisk was 


dedicated to his favorite deity Hemephta.' He 


son. ot 1366. Bc: 


proceeds to describe all the obelisks at Rome, to 
date them and tell how they were made, trans 
ported, and erected. The hieroglyphs that cover 


their sides were, he imsists, invented by Hermes 
41. On the 


the Coptic Church; 3 


I gyptian language and alphabet; 2. On 
The Coptic names of God; 4. The 
Coptic, the numerals and ordinals 
with some Coptic mathematical propositions ; 5 


years and months in 
Kgyptian 
astronomy ; 6. Egyptian weights and measures; 7. Egyptian 


animals; & Egyptian herbs and plants; 9. icgyptian city 


names in Coptic; 10. Egyptian philosophical terminology 
\ll of this is followed by a bibliography of manuscripts 
in Arabic and Egyptian brought to Rome by Raymondo 
ln the same year, J. B. Casalio, who admits that he 1s 
than published at 
legyptiorum ritibus in’ which he 
there were three languages in Egypt; they 
priests to 


Rome his De 
held that 
were Coptic 


less learned Kircher, 


veterthus 
write of 


or common, the language used by 


sacred things, and the hieroglyphs which express things 


as characters (31-43) He thinks that obelisks are 
astrological in purpose and that their texts treat) of 
natural phenomena (8). 

15 The introduction is followed by a series of letters 


in which Francisco Angeloni, Casalio, and Leonardo 
Agostini testify that the obelisk is carefully published 
A series of orientalists and two Maronites from Lebanon 
that the quotations in 


correct. critics had 


Arabic, etc. are 
him. 


state Hebrew, 


Kircher’s obviously touched 
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Flood 
instructed the [egyptian Mesram in priestly duties 
The 
later egyptian priests intended to keep the mean 
ing of the hieroglyphs a secret, but by the time 


Trismegistus, who lived after the and 


as well as teaching him to inscribe stones, 


of Joseph's Potiphar (who was, by the way, a 
priest), original revelation had lost its original 
The godly cult. which was based on the 
Noah, declined, and 
took 


Then magic, demon-worship, oracles 


purity. 
religious doctrines taught by 
mths, like those about Osiris and Horus, 
its place 
and idol-worship took the place of religion, and 
the doctrine of Hermes was finally obscured.” 
What were the neroglyphic symbols prescribed 
this 
knowledge from debasement ? 
talks 


svmbols and observes that priests have always 


by Hermes to keep original = religious 


To answer. this 
Kircher now about the t 


question nature ot 


under rhetorical clouds 
Plato 


used symbols because an open expost 


hid divine knowledge 


Philosophers, too and Pythagoras for 
example 
tion of the nature of things is always unpleasing 
to God. 


Valeriano, 


The Egyptian alphabet. he agrees with 


Piero began by using animals and 


animal postures as the basic designs for letters. 


When the standing ibis put its ead down and 
legs with its bill, it sug 


crossed its knock-kneed 
gested to the observing Egyptians the letter “.\" 
(fig. 2). The wise men of Egypt used other 
types of letters than those derived from) animals. 
There were the symbolic or gnomic letters of Hor 
\pollo; there was a mixture of simple and 
bole letters; and there were purely 
letters. 
Kircher 


sym 
svinboli 
also informs his readers about the 
On some inserip 
head 
this is clearly the original form of the lower case 
“sight.” \ 
serpent im 


meaning of certain hieroglyphs. 


tions, for instance, he found a_ bird's and 


“sigma” (oa) and means twisting 
whereas a 
“theta” 


us directly to the 


serpent is plainly “zeta”; 


a circle crossed by its tail ts and 
“Thoth.” This) should get 


obelisk, but Kircher pauses for a long discussion 


means 


of the mysteries hidden under the veil of Egyptian 


mythology. This digression is followed by a 


6 Thid., 99-100 
Phis section is probably inspired by J. FF. Herwart 


von Hohenburg’s .fdimiranda ethntcae theologt mysterta, 
1623, 


Egyptian 


a book that argued the physical interpretation of 
myth The started a 
cighteenth-century controversy by arguing that the 


author also long 


Egyptians invented the nautical compass In the 


Thesaurus Hieroglyphicorum, edited by this man, Kircher 
tound the Anubis that he interprets on 295. He explains 


everything in the picture: the dog's head is “sagacity.” 
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imanaiterarum LEgypuarum fabrica.te influucie facta aT an- 
to fine Mercuri T ri/meg flo. 


CharaGer Zoogra. | 


hus. He. 


Figura Ierarum 
Vulgaris . 


Dd 
aT 2U0c ater A 
dicitur, id eft, 
Bonus Damon. 


Xv 


aeea’s dicitur,id eft, cr 
; 


Gracerum ad cas | 
affinicas, ' 


Norma.. 
| 


a dceves dicitur,id cft A 
Benus ager. 


Proceflus inferiorum 
_ ad fuperiora. 
Sym bolum cit. 


vee dicitur, ideft, 
Mundi Dominus. oO 


Animal postures into alphabet 


Kircher’s Oedipus 

series of twenty “Hierogrammatisimi,” where we 
are supplied with equivalents for the creatures 
dog, cat, hawk, scarab, ete—commonly noticed in 
obelisk inscriptions, The crocodile, for example, 
stands for “the nature of god, the solar movement, 
egypt, the Nile, the humid principles of genera 
tion,” and many other philosophical values. Oncec 
he has established these meaningful equivalents. 
Kircher proceeds to make a line-for-line reading 
of this obelisk. 

Kircher’s confidence in his translations of in- 
scriptions is as robust as his readings are totally 
wrong. A cartouche on one face of this obelisk 
transliterates as ‘‘Avroxpatwp,”” but Kircher comes 
out solemnly with “Osiris faecunditatis et totius ve- 
getationis author est, cuius generationis facultatem 


e ccelo in suum Regnum Sacer Mophta trahit.” 


the sphere, “celestial discipline,” ete 
that Kircher saw, the artist loms for 
the sake of modesty. Not knowing about this interpola- 
tion, Kircher writes that his 
“mental fecundity.” 

1S Thid., 557. In his “Réflexions Générales sur les 


In the reproduction 


girded the god's 


“girded loins” are a sign of 


Rapports des Langues Egyptienne, Pheénicienne, et 





Sop TOE 


Vette 
ais wr baOd + 


FS 


Te eu 





. 3. Cartouche from Lateran obelisk. Copied and 
translated by Kircher 
\ second inscription comes out as “KHSPS 


TMTISNSZSBE TS. oF 
otos’’ (fig. 3), an obvious indication that the Em- 
peror Domitian ordered the obelisk and had the 
inscription cut at Rome. 


“Kaccap Aouittavos YeBa- 


Kircher, who cared only 
for higher matters, reads: “Generationis beneficus 
Praeses ccelesti dominio quadripotens «rem per 
Mophta committn 
\mmoni in inferiora potentissimo, qui per simu- 


beneficum humorem ewreum 


lacrum et ceremonias appropriatas trahitur, ad 
The monumental mass 
into 


potentiam exerendam.” ' 
that 
scriptions certainly 


read these in- 


the 


of philosophy Kircher 


gave him courage and 


curiosity to go on. 
(1763), the 
“Dans les 


Grecque”’ \bbe Barthélemy says of Kircher’s 
readings dont il les accompagne, 
le P. Kircher répand cette érudition inutile et fatigante 
qui caractérise ses productions, et qui peut-etre a fait 


réflexions 


douter de son savoir. Il s’écarte partout de son but, qui 


étoit de ressusciter V’ancienne langue égyptienne.” 
Vemotres de UAcadémie des Inscriptions 55: 388-389, 
Paris, 1773 

'Thid., 559 
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Two years after the publication of the Obeliscus 
Pamphilus appeared the Gidipus gyptiacus ; hoc 
est universalis hieroglyphice veterum doctrine 
temporum iniuria abolite mstauratio in four folio 
volumes of more than 2,000 pages. This edifice 
of paper was dedicated to Ferdinand II] of Austria 
who is praised in the preface by poems and 
There is, of 
course, a “hieroglyphic inscription” by the author 
(fig. 4). 


eulogies in twenty-seven languages. 


The feast of verse and praise is fol- 





ic. 4. Obelisk Kircher in 


with 
of Ferdinand IIl 


inscription by praise 
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lowed by a “Propylaeum Agonisticum” addressed 
to critics who have complained that Kircher 1s 
laboring at an impossible task, scanted by the 
ancients and shunned by moderns. Kircher admits 
that there are difficulties in his way, but contends 
that he likes the labor and intends to employ his 
God-given talents to this proper end. He denies 
that linguistic change taking place in the course 
of centuries makes the task of decipherment almost 
unpossible; the same objection could have been 


voiced against those scholars who rediscovered 


Having 
obscurantists or 


the ancient literary glories of Greece. 


critics as either 


Kircher 


complete historical account of the religion, culture, 


dismissed his 
anti-intellectuals, proceeds to write a 
and politics of ancient Egypt. 

The second volume of the (idipus is devoted to 
symbolism and its history, to the appearance of 
symbolic hieroglyphies in all areas of knowledge ; 
then in the remaining two folios, Kircher rereads 
the Bembine Tables more richly and theosophically 
than Pignoria did and makes a translation of the 
Inseriptions on all the remaining Roman obelisks 
Kircher went on to write two more folios on this 
1661 
he published a book on a newly discovered obelisk, 


subject betore he was through with it. In 
the Ohelisct Aegyptiact nuper inter Isaei Romani 
rudera effosst interpretatio hieroglyphica, and in 
1676 the Sphina 
mystical translations of all hieroglyphic inserip- 


Mystagogus, which supplied 


tions discovered since 1661. In all of these books 
Kircher was not only establishing an infectious 
quast-philosophical system of ieroglyphical inter- 
pretation; he was also making occasional remarks 
that would blossom during the next century into 
a controversy that produced a minor uproar in the 
learned world. 

In the first volume of the OU:dipus, he drew a 
number of parallels between the customs of the 
Chinese and those of the ancient Egyptians. He 
observed that both civilizations rested on a caste 
system, and that the upper caste, the Egyptian 
priests and the Chinese literati, used hieroglyphics 
to hide the secret wisdom in their possession.*” 
Kircher stated, too, that the Chinese hieroglyphs 
differed essentially from those of the Egyptians 
in that, for example, the Chinese sign for “sun” 
means “sun,” whereas the Egyptian scarab symbol 
“sun” but rather “those secret and 
mysterious operations of that planet which foster 


does not mean 


returned to 


growth and generation.” Kircher 
Op. cit. 1: 398-402 


Ihid. 3: 10-13 
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1067 for he had retired from his 


Egyptian studies long enough to write the China 


this notion im 


IIlustrata as well as many other books on math 
ematics, physics, chemistry, medicine, geology, and 
music. 

Kircher does not pretend to be a sinologist ; 


he is simply writing a book about China. He 


claims no proficiency in the Chinese language but 
1 
i 


relies for his knowledge on Father Michel Boym, 
one of those indefatigable Jesuit missionaries who 
that 
Since he was not a specialist in his subject, and 
had Danube, he did not 
hesitate to China 
structed by Egypt. His hypothesis 1s 
testimony of that 
Herodotus. When Cambyses overthrew the Egyp- 


hecame eminent authorities on language. 


east of the 
that 


never been 


propose early was in- 
ancient 
based on the sound historian 
tians, Kircher writes, he smashed their gods and 


He killed the bull Apis 


with his own hands and drove the priesthood, wise 


overturned their obelisks. 


with the knowledge of a thousand years, into exile. 
As these priests fled eastward, Kircher traces 
them in their wanderings through the wastes of 
Arabia, into the plains of India, and finally to the 
far land of China. 
Egyptian priests 


His imaginative pursuit of the 
as they crossed the borders of 
the little he knew about the 


China was aided by 


Chinese language, for, as one might logically 
to him to 
Kircher, it 
m st be said to his credit, made no attempt to 
but, 


was firmly convinced that there 


expect, some of its characters seemed 


resemble Egyptian hieroglyphics 
find connections between the two languages, 
nonetheless, he 
were cultural influences on China from Egypt.*- 
When Kircher advanced the theory that China 
was the heir of Egyptian culture, he was casting a 
vote in a contemporary controversy about which 
nation of the world was the oldest, a controversy 
that from the unsettled 
chronology. His theory that Egypt was older 
was almost immediately attacked by John Webb in 


An Historical Essay Endeavouring a Probebility 


arose state of historical 


that the Language of the Emptre of China ts the 
Webb thought that China 


was a well-developed state with a high culture 


Primitive Language. 


betore the confusion of languages at Babel: in 
fact, he eventually argues that Noah built his ark 


Asa 


result of this fortunate post-diluvian event, the 


in China and settled there after the Flood. 


Chinese speak a language that is as close to the 
primitive language of Adam and Noah as we are 
54, 233-235, 


Amsterdam, 1667 
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likely to find.2* Webb's arguments are almost as 
sound as Kircher’s. 

In spite of the objections of some distinguished 
scholars to the Jesuit’s theories and their doubts 
about the solidness of his learning, his books were 
considered by others as having supplied the 
method necessary to those who would read ancient 
Egyptian inscriptions. In 1704 the antiquarian 
J. PB. Rigord published an “inscription” copied 
from a mummy cloth. He could read the mythical 
representations with the aid of Kircher’s method, 
but he called on linguists to help him with the 
inscription, the characters of were not 
Punic, Coptic, or “like Bembine 
Tables.” ** Some years later, Melchior a Briga 
made a Kircherian reading of the inscription on 
a ceinture about an 


which 
those on the 


Egyptian statue found at 
He subscribes fully to the linguistic prin- 
ciples of his master and proposes that they be 


Rome. 


taught in 


the better universities.*° A Briga had 
hardly 


published his advice when Pierre Huet 
restated in his Histoire du Commerce Ancien the 
Kircherian theory about the Egyptian colonization 
of China. He added other cultural and religious 
details to Kircher’s proof by parallels, but he 
thought that the similarity of language made the 
surest The really eminent  orientalist, 
Stephen Fourmont,** also came to the support of 
Kircher when he argued that the Egyptian heroes, 
Hermes and Osiris, got as far west as India where 


case.~* 


they established a purified religion. India was, 
after all, in the minds of Europeans just a short 
way from China. WKircher’s methods of inter- 


preting representational figures probably are re- 


sponsible for the commentaries that Alexander 


Op. cit., 


glyphs 


London, 1669; for his statement on hiero 
the Egyptians invented their signs for conceal 
see 151-152. This 

hieroglyphs is found in 
Galtruch, The poetical histories, 
1671; and in  Marsham, 
London, 1672. In his 
real character, 12, London, 1668, 
whether the 


ment, the Chinese for communication 
standard — belief 
D’Assigny essay in 
154 183, London, 


Canon, 38-39, 


about also 
Chronicus 
towards a 
sishop Wilkins doubts 


hieroglyphic 


lissay 


contents of 
really worth reading 

“# Lettre de Monsieur 
Marine aux Journalistes de 


inscriptions are 


Rigord Commissaire de la 


Trévoux sur une Ceinture 
de Toile trouvée en Egypte autour d'une’ mumie, 


Vemoires pour ' Histoire des Sciences et des Beaux Arts, 


978-1000, Trévoux, 1704, 

5 Fascia Isiaca Statuae Capitolinae nunc primum in 
lucem edita, Rome, 1716 

“6 The history and commerce of the ancients, 25, 
London, 1717. 

27 Réflextons critiques sur les histoires des anciens 
peuples 1: 145-146, 353-356, Paris, 1735. 
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Gordon, Secretary of the Society ot Antiquaries, 
wrote on [Egyptian inscriptions in English pos- 
session; *> and his other theories about Egyptian 
migration certainly affected the fiction-like Egvp- 
tian history of Dominique Reverend?" | Both in- 
fluences are plainly at work in books like the 
Essay de Munto-Graphie written in 1718) by 
Christian Herzog, Apothecary and Botanist to 
the Duke of Saxe-Gotha, after he had unwound 
and examined a mummy purchased for medicinal 
use. As a sad undertone to the chorus of praise, 
the doubts and objections of the previous gen- 
eration continued. The wise antiquarian, Bernard 
de Monttaucon, while admitting his own ignorance 
of the meaning of the allegories on the Bembine 
Tables or of any sound method for the translation 
of hieroglyphics, did not hesitate to make open 
sport of Kircher’s theories and results. It is, in 
fact, Montfaucon who predicted how the riddle 
of the hieroglyphs would be solved a century 
before Champollion’s major book appeared. “Un 
moien d’y réussir seroit, si fon venoit a decouvrir 
des inscriptions d'ancien Egyptien répetées ensuite 
en Grec. .. 2°") At this particular moment the 


study of oriental languages was flourishing in 


France and to some degree in Germany and Italy 
and experts like 
Halde were 


Freret.* and Du 


imperfect but 


Renaudot,"! 


making pioneer 


An essay towards explaining hieroglyphical figures 
on the coffin of the ancient mummy belonging to Capt 
Wiliam Lethieullier. tn essay towards explaining the 
anctent Iieroglyphical figures on the Egyptian mummy 
m the museum of Dr. Mead, London, 1737 

2" Lettres a Monsieur H*** sur les premiers dicux ou 
rows d'Eqypte, Paris, 1733 

"L’Antiquite expliquée 2: 331-342, 
Supplement 2: 198, Paris, 1724. 

' Renaudot, EF 


Paris, 1719; 
Premier mémoire. sur Vorigine des 
lettres Grecques, \émotres de [Académie des Inscriptions 
2: 322. Paris, 1719. 

‘ Freret, M. principes géneraux 
de l'art d’écrire, et en particulier sur les fondemens de 
lécriture Chinoise (read Dec. 6, 1718), thid 9 
1731. Freret rather clear that there could be 
nothing gained by comparisons of the Chinese language 
with the Egyptian. In this year M. 
Pouchard of the Academy argued that more attention 
should be paid to texts of the Greek renderings of the 
obelisk preserved by Ammianus Marcellinus Kircher 
had pronounced these translations as frauds, [//tstotre de 
lV Académie, 254-256, Hague, 1718, and Obeliscus Pam 
philius, 151-152]. The Greek text had been published 
with a translation in 1586 (see fn. 4) but the problem 
as J. B. Gilbert pointed out to the Académie in 1765 was 
which obelisk was the subject of the 
|. Mémotres 65: 244-265, 1780}. 

3 Du Halde, J. B.. of description of the 
China 1 London, 1738; the 


Reflexions sur les 


328-369, 
made it 


supposed same 


translation 


empire of 
359 


French original was 
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The great frontal attack on Kircher 
came interestingly enough not from a member of 


that how 


theories were. 


studies suggested shaky 


the Academy of Inscriptions or from some learned 
student of the orient in Italy or Germany, but 
from a young Englishman who was not a profes- 


sional scholar at all and whose linguistic knowl- 


The author of 
the new theory of the hieroglyphs was William 
Warburton (16098-1779), the book was the Divine 
Legation 6 Moses (1738), and its purpose was to 


edge Was sometimes inaccurate. 


explain why the Old Testament is so silent about 
the immortality of the soul. 

It is retreshing to read \Warburton’s 
blunt English comments on Kircher. The Ger- 
man polymath was “bewildered” and his works 
were “visionary.” He 


almost 


“steered at large” through 
“half a dozen folios with the writings of the late 
Greek Platonists, and the forged books of Hermes, 
which contain philosophy not Egyptian, to ex- 
plain and illustrate old philo- 
sophical.” “The purpose of Warburton was not 
to dash Kircher’s reputation; Kircher, with his 
theories about the mystery of hieroglyphics and 
the divine philosophy of the obelisks, simply stood 
in the way of Warburton’s doctrine that the Jews 
had to learn from the Egyptians, and it is plain 
that they could not do this if the Egyptians had 
a secret and mysterious way of writing 


monuments, not 


\ll languages, Warburton thinks, began with 
pictures which became hieroglyphics. In Egypt 
these hieroglyphs were used for the public pro- 
mulgation of laws, customs, moral decrees, and 
for the preservation of the national records. For 
this reason, the hieroglyphs were used on obelisks. 
He is willing to grant, there is ancient 
testimony on the matter, that these popular char- 
acters slowly became mysterious. He 


since 


turns to 
Hor Apollo and discovers that the noun Egypt 
was represented by a crocodile and by a heart 
burning over a censer; the former is a com- 
municative symbol, the latter is a mysterious one. 
One symbol is tropical, the other enigmatic. Both 
types of Ineroglyph in time became abbreviated 
in keeping with the manner of the cursive. The 
I-gyptian reader or writer at this ancient period 
had to remember “the power of the symbolic mark, 


whereas before, the properties of the thing or of 


Paris, 1735; the comments of Shuckford, Samuel, The 
sacred and prophane history of the world 1: 231-247: 
2: 294, London, 1743, agree with Du Halde’s that the 
two languages differ. 

The divine 
1837. 


legation of Moses demonstrated 2: 44, 


london, 
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the creature employed as a symbol were to be 
learnt.” This process led to alphabetical forms, 
and gradually the hieroglyphs fell into disuse ex- 
cept among priests, who preserved this knowledge 
because it enabled them to read the older texts. 
In due time they began to use these characters, 
which had been learned for antiquarian purposes, 
to keep religious secrets from the layman. 
This theory of Warburton had an 
vogue although it hardly helped with hieroglyphic 
The historian Gibbon, who usually 
Warburton’s scholarship, 
praises this theory for its “learning, imagination, 
The theory itself so 


imense 


decipherment. 


took a poor view of 


and discernment.” was 
impressive that this section of the main book was 
separately translated into French by Leonard des 
Malpeines as Essai sur les Hiéroglyphes (1744) 
and secured thereby a wide European audience.” 
It was, in fact, only in 1827 that the British and 
French encyclopaedias dropped Warburton’s ac- 
count of Egyptian writing as the backlone of their 
articles on the Egyptian language. The contribu- 
tion of this Englishman was small but tidy. He 
destroyed the notion that the hieroglyphs were a 
mysterious code used to conceal a master philos- 
ophy, and he half-suspected that the same sort of 
matter was written in the cursive as was recorded 


by the hieroglyphs.“ But this attack did not 


} Op. cit. 1: 676; 2: 195. 

* Memortrs, ed. Shefheld, 1 
1814 

‘The Journal de 
issue of July, 1744 
theories about the hieroglyphs and their origin are now 
seen to be false thanks to Warburton’s reasonable method. 
“Il le fait de la maniére la plus naturelle. Ce 
point un fondé sur des 
Ses raisonnemens, ses 


211-212 footnote, London, 


Tréevoux reviewed this book in its 
The reviewer states that all previous 


nest 
imaginations vagues. 
sont appuiées sur des 
faits, sur la nature des choses, et sur les principes les 
plus Jumineux du commun.” Praise for War- 
burton’s theory of language origins and tor his disproot 


systeme 


preuves, 
sens 


of the Kircherian theory of the hieroglyphs as a system 
of cryptography was offset by criticism of his bad Greek 
and of his failure to pay any attention to Egyptian 
archaeological remains On the latter point see the 
Comte de Recueil d’Antiquités 1: 23, 69-70, 
Paris, 1752 

‘Shortly after the publication of the Divtne legatton, 
Richard Pococke, Bishop of Meath, a_ really solid 
Egyptologist, brought out his Description of the east 
(1743) in which he devotes two pages (1: 228-229) to 
his theory of the hieroglyphs He had counted the 
“figures” and discovered forty to fifty different 
This represents a count of only the inscriptions in his 
museum and the monuments that he has been able to 
study in his travels. He thinks that there should be 
a census of these signs and men should consider whether 
they are syllables, symbols for 
alphabetic letters. He thinks that 


Caylus, 


signs 


words, itdeograms, or 


“in inscriptions they 
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destroy the methods or theories of Kircher; once 
again he was about to rise from the dust of his 
folios and confuse men. 

Huet’s restatement of Kircher's theories on the 
Egyptian colonization of China had slept quietly, 
as a momentary aberration *’ should, for over 
The museums of Europe were filled 
with objects brought from Egypt and Europeans 
began to learn, thanks to the Jesuits in China, 
more about that country and its language. Both 
Egyptian and Chinese cultures were, consequently, 
kept separate by 


forty years. 


scholars and linguists until a 
rather innocent event brought them together again. 
This event occurred on April 12, 1758, when 
Jean-Jacques Barthélemy, the investigator of the 
Pheenician language and the scholarly author of 
the famous l’oyage d’Anacharsis, read a paper 
to the Academy of Inscriptions in which he at- 
tempted to reconstruct the Pheenician alphabet on 
the basis of a series of Graco-Phcenician coins 
and inscriptions. He illustrated his lecture with 
5) of the required inscriptions 
and of a comparative Hebrew-Phoenician alphabet. 


“planches” (fig. 
In his audience was the author of my opening 
text, Joseph de Guignes, keeper of oriental manu- 
scripts at the Royal Library, and student of the 
great Fourmont. 

reputation with a 
Huns, Turks, and Tartars and was 
regarded as the rising young French orientalist. 
As he listened to Barthélemy’s paper he was 


De Guignes had just won a 
four-volume history of the 
Mongols, 


struck by the similarity between the writing of 
Phoenicia and that of China. 
not surprise us because he had certainly written 


This ct mnfesst mn cle CS 


at that time the lengthy paper in which he said 
this and which he read the next week to the 
Academy. The title of this paper was “Mémoire 
dans Jequel, aprés avoir examine Vorigine des 
lettres Pheéniciennes, Hebraiques, &c, on essave 


detablir que le caractére  épistolique, hiéro- 
stand for words or sounds as well as things.” In editions 
of the Divine subsequent to that of 1738, 
Warburton added long footnotes in which he took others 


to task. 


legation, 


He finds Pococke’s doctrine suspect and thinks 
that he does not know a hieroglyph when he sees one. 
“No other with his description of picture 
characters standing for sounds, but that foolish kind of 
the polite vulgar, Aieroglyphics, 
the childish amusement of the illiterate; in which indeed, 
the figures stand only for 


agreeing 
rebus-writing called by 
divested of 


sounds; sounds 


sense as well as things’, 2: 202. 

The only objection I have found is in a paper 
presented by J. C. Trombelli at the Accademia delle 
Scienze dell’ Instituto di Bologna in 1747; cf. De 


Bononienst scientiarum et artium instituto atque academia 
commentarti 2 (3): 340-342, 1747 
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glyphique & symbolique des Egyptiens se retrouve 
dans les caracteres des Chinois, & que la nation 
Chinoise est une colonie Egyptienne.” *” 

The Pheenician 
Barthélemy, de Guignes said, is the bridge be- 
tween Chinese and Egyptian. The Chinese jod 
and aleph are the same as the Phcenician, and this 
was the first, simple observation that gave him 
the idea for his essays. 


alphabet as established — by 


He began this study by 
comparing early alphabets. — In letter 
daleth means “door”; ain 
and schin is “tooth.” When he looked 
in a Chinese dictionary, he discovered that the 
character similar to beth meant “house,” that the 
Chinese character for “door” was like daleth, and 
the character for “eye” 
Ethiopic ain. 


Hebrew, 
beth means “house” 
is “eye”: 


Pheenician and 
It is not surprising that he also 
found a_schin Chinese that 
“tooth.” The Chinese may, he thinks, have taken 
these characters from the Egyptian hieroglyphics, 


was like 


character in meant 


and he can think of only one possible objection to 
this thesis. Does the language of China have the 
mysterious compounding quality of the Egyptian ? 
Having voiced this question, de Guignes answers 
it immediately with many illustrations of which 
will suffice. The Chinese word /ia 
“make a great opening” and is composed of sc/tiin 
(teeth) and two daleths (door). 
ainsi expliqués, prouvent que les Chinois ont un 


one means 


“Tous ces mots 


trés-grand nombre de mots egyptiens.” 

De Guignes believes that the alphabetic and 
hieroglyphic languages of Egypt, described by 
“Varburthon,” are preserved in China; but the 
Chinese also have a symbolic language that makes 
a linguistic contact with ancient Egypt absolutely 
certain. Such a language is founded on metaphors 
and allegories, says de Guignes, and varies con 
sequently. according to climate, flora, fauna, and 
find the Chinese 
Egyptians using the same symbols, we should have 
no doubts about linguistic influence. A frequent 
Egyptian hieroglyph is that of a sphere above a 
line, a symbol that means “very high” in Chinese. 


national customs. If we and 


The spread-wing symbol which means “a royal 
minister” in China is a common Egyptian hiero- 
glyph. For de Guignes these linguistic proofs are 
not enough; there must be historical proofs too, 
He has no trouble in showing that China and 
The four first 
emperors of China are Ki, Kang, Tchong, and 
Siang. When their Chinese written 
transliterated into Hebrew one gets Yadoa, Yabia, 


Egypt have a common. history. 


Hames are 


© Ven lead /nserip 50: 1-44, 1770 
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“One 


Pem- 
author 
first 


Egyptian kings 

\machus 
“that these 
Thebes.” 


phos, and sees,” the 


remarks, Chinese princes are the 
There are further proofs. The 
Men 


and 


kings of 
Chinese and Egyptian calendars are similar. 

with the talents built the Great Wall 
the Pyramids. The annals record the 
that 


same 
Chinese 


vears of famine were probably 
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Nilotic 


Chinese 


The Chinese control floods in the 
Then 


Joseph. 
manner. 
historical 


there is also a_ great 


mystery, which de Guignes solves to 
clinch his case. A savage and uncivilized people 
the Mioa-sse in the mountains of China and 
their origin is unknown to the Chinese, 
may be sure, not to de who announces 
that thev are the descendants of the original in- 


wabitants of China who fled to the 


live 
but, we 
Guignes, 


hills when the 
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Egyptians arrived in 1200 nc. The practical 
results of this erudite paper are clear; the key 
to the Egyptian hieroglyphics is contained in the 
language of China." 

The paper at the Academy seems to have been 
so well received that de Guignes decided to issue 
it as a popular book with its title shortened to 
Mémoire dans lequel on prouve que les Chinois 
sont une colonie Egyptienne. In this form the 
original learned lecture—now somewhat altered 
and expanded—went through several editions. In 
the “avant propos” the author announces that 
Chinese and Pheenician are similar languages and 
are related to Coptic or 
“un deébris de 


“worn-out Egyptian,” 
langue Egyptienne.” 
De Guignes promised his public an authoritative 
book to establish this thesis, but this book never 


appeared, 


l'ancienne 


The book was probably unnecessary 
anyway because the imaginative young orientalist 
had already won over to his cause an older man, 
the celebrated physicist D’Ortous de Mairan 
(1678-1771) and this scientist had written about 
the theory to the learned Father Dominique 
Parrenin (1665-1741), a Jesuit missionary who 
had spent his life in China and was an encyclo- 
paedia of information about that country. Par- 
renin had responded to Mairan’s inquiries, and 
de Guignes had Mairan’s Lettres au R. P. Par- 
renin, Jesuite, Missionaire a Pékin (1759) before 
him as he wrote. He drew on this work for his 
had any access to the 
Jesuit’s replies, he garbled or glossed them over. 

Father 


preface; and if he real 
Parrenin was a distinguished scholar 
and scientist, who had translated the J/emoirs of 
the Academy of Sciences into Manchu for the 
benefit of the Chinese literati. For many years 
he corresponded with members of that society 
and with its famous secretary, Fontenelle, on the 
subject of Chinese science.” 
autumn of 1735, 


Sometime before the 
Mairan began to seek Parrenin’s 
opinions on matters. Chinese. One of these sub- 
jects of inquiry was the Egyptian background of 
Chinese culture. Mairan’s conviction that China 
was an Egyptian colony was entirely based on 
parallel cultural similarities. He was impressed 
by the fact that both peoples wrote in hieroglyphs, 
venerated tradition, worshiped ancestors, loved 
science, studied astronomy, accepted a caste sys- 

'! Goguet, Antoine, De Origine des loix, des arts, et 
des sciences, printed at Paris in this year, supports the 
Warburton, but also states that the Chinese 
use hieroglyphs (1: 160-171) 

2 Le Gobien, (¢ Lettres 
257-299, Paris, 17#1 


theories of 


curicuses 29: 


edifiantes et 
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tem, believed in the transmigration of souls, and 
had similar feasts. He also saw a physical re- 
semblance between the modern Chinese and the 
ancient Egyptians. “Quelques figures antiques de 
Egypte, m’ont aussi rappele les physionomies 
Chinoises, ces yeux fendus, & un peu convergens 
de haut en bas verse le nez.”** It is only the 
the two lands that makes 
him hesitate to consider his theory proved, but it 
is clear from the testimony of Herodotus that 
Sesostris reached the western borders of China, 
and he may have left a colony there. Mairan 
decides not to push this conjecture, but he would 
like Father Parrenin’s opinion. 

Except for the brief extracts printed by de 
Guignes, the full text of the Jesuit’s reply 
not available in print for fifty vears. He = re- 
marked—for he had made the long journey to 


vast distance between 


Was 


China—that considering the probable state of roads 
in 1200 kB.c. it was not likely that Sesostris had 
time in the course of nine years to march to the 
Ganges, establish a colony in China, set up a 
variety of monuments, and march back to Egypt. 
He found no mention of this king or his exploits 
in Chinese annals, and he thinks that at such an 
early date neither country knew the other existed. 
As for the cultural parallels, they, says Parrenin, 


prove nothing. The Chinese had written char- 
acters in 2000 B.c., so they did not have to wait 
for Sesostris to tell them about writing in 1200 


B.c."* 


The other arguments of the learned author, 
who was at his best when he wrote the /isserta 
tion sur la glace, are dented or destroved by the 
great sinologist. But Matran was not 


give in to superior wisdom. — He 


ready to 
admits in his 
third letter that he probably made a mistake when 
> in fact, since 
one cannot decide which country is the older, one 
cannot know. which influenced the other. 
Nevertheless, he still favors the Egyptians as the 
authors of Chinese civility because they were 
closer to “the cradle of mankind.” We also know 
that the Egyptians were a mobile race, whereas 


he compared the two social systems 


one 


the Chinese seldom crossed their own borders. He 
argues that 1f modern Muscovites can go to China 
and Kalmucks ride to the Rhine, it should have 
been possible for ancient Egyptians to march to 
China. Since the Chinese have no records betore 
2300 B.c., 


not Sesostris, who colonized China. 


it might be possible that it was Osiris, 
However, he 
wants to remain open-minded about this matter 


8 Lettres au Rk. P. Parrenin, 36-39, Paris, 1770 


44] ettres édifiantes 22: 152-170, Paris, 1781 
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because documents will probably never be found 
to prove him either right or wrong. 

Mairan now returns to the questions of the 
linguistic parallels. had that the 


Parrenin said 


Chinese characters were not hieroglyphs since 


they did not contain any philosophic mysteries and 
were totally arbitrary in meaning. But Mairan, 
who apparently knew no Chinese, cannot agree 
with the man spoke it) fluently. Both 
languages are for the eyes and not for the ears; 
hence, they must be of similar origin because two 


who 


countries so far apart could not possess anything 
so basic as common linguistic practices without 
one of them deriving the idea from the other.” 
Patient Parrenin responded to this letter at great 
length, but this time he says nothing about the 
language of China; he apparently felt that there 
was no point in debating a subject with a man 


who knew nothing about it." It is a tribute to 


de Guignes as a scholar that he printed many of 
Parrenin’s objections to theories which he and 


Mairan shared, but it must also be noticed that 


no contrary opinion, even when it was supported 
by cold fact, ever shook his warm faith in his 
own cause.*' 


15 Op. cit., 62-69. 

46 Op. cit. 22: 289-344 

In 1759 Le Roux Des Hautesrayes, 
lffourmont and Professor of Arabic at the Collége de 
France, published Doutes sur la dissertation de M. de 
Guignes. He taxes de Guignes with his inclination to 
talk about “impressive proofs” and “crowds of facts” 
and then to offer nothing concrete. He questions the 
common knowledge of the hieroglyphics among all 
Egyptian colonists in) China’ when this knowledge 
was had only by priests in Egypt. He observes that de 
Guignes has made the origin of the Chinese 

Are they from Phoenicia ? 
that the found by 
de Guignes are all eve then 
many of them are wrong. De Guignes had that 
the Hoang and the Nile are called “black river” in 
Chinese and Egyptian; Des Hautesrayes says that the 
former river is “the yellow river.” De Guignes im- 
mediately issued a Réponse in which he showed himself 
to a poor advantage. 


nephew of 


never 


characters clear Egypt or 
parallels 


parallels, and that 


He points out linguistic 
even 


stated 


The objections of Des Hautesrayes 
were echoed in a quieter fashion in the Wémoitres pour 
V'Histoire des Sciences et Beaux-Arts for June, 1759: 
“Il y a quelque difficulté dans cette hypothése, & il est 
bien a souhaiter que Il’auteur puisse Il’expliquer, la 
développer, la perfectionner, la mettre dans ce point de 
probabilité historique, qui satisfasse les savants & qui 
impose silence aux préjugés” (1464). 

The Abbé Mignot, admitted an associate of the 
Academy in 1761, celebrated his election with a series 
of papers on India read during the next year. In the 
second paper (.dcad. des Inscript. 55: 199-268.) he 
shows that the ten cultural parallels used by Huet, La 
Croze, Brucker, and Kaempfer to prove that India was 
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A half-dozen years before de Guignes read his 
first paper the truly learned Paul Jablonski had 
been content with the ancient explanations of the 


colonized by 
paper 


Egypt are nonsense. He used his third 
(269-347) to argue that the cultural differences 
between the two countries are so great that they were 
probably unknown to each other. Since the travels of 
Osiris or Sesostris from Egypt through India to China 
were a requirement of the Kircher-Huet-De (Guignes 
Mairan thesis, Mignot's opinion is important. Traces 
of Egyptian culture contaminated by that of the Greeks 
and the Persians may be found in India after the time 
of Alexander, he states, but there is no earlier in- 
fluence. “L’expédition de lV’Osiris mortel est fabuleuse, 
& les anachronismes qu'elle renfermé justifient que les 
auteurs de table n'ont voulu 
létablissement de son culte. 


cette représenter que 
Les conquetes de Sesostris 
mais, quoique ce Héros ait porté fort 
loin ses armes victorieuses, jamais il ne 
Inde: aucun Ancien ne tous a parlé de la retraite des 
Pretres d'Egypte chez les Indiens (p. 348)." The 
theory of de Guignes shesiel support in 1763 from 
Abbé Barthélemy, to whom de Guignes at- 
tributed his inspiration 


sont plus réelles; 


pénétra dans 


the same 


In his introduction to his “Réflexions générales sur les 
rapports 
Grecque,” 


Egyptienne, Phénicienne — et 
Barthélemy that his memoir was 
prompted by de inquiries, hence he intends 
to investigate the Coptic words in Chinese, the Phoenician 
words in Chinese, and the colonization of China by 
Egypt. After dismissing Kircher’s work on Coptic and 
his mode of interpretation, Barthélemy cites from a 
letter written by the orientalist La Croze in 1712 to the 
classical scholar Cuper in which he 
discovery of a Coptic key to both Chinese and _ the 
hieroglyphs: “c'est un paradoxe bien surprenant que 
cette langue soit la clef des hiéroglyphes égyptiens, & 
meme des chinois (Mém. de Acad. 57: 392-393)." 
Barthélemy Whether or not La Croze had dis- 
covered a connection between Chinese and Egyptian; he 
thinks he found instead a 
Coptic. This, he asserts, is a 
theory than the one advanced by de 
while he that the key to the 
Coptic, he also advanced his idea 
characters are monograms of Egyptian 
(399-400) 

Warburton, who had been well treated by de Guignes 
in his first memoir, attacked the Frenchman's theory in 
the notes to the fourth edition (1765) of the Divine 
legation. “Upon the supposition of the truth of what 
I had laid down, that the first Egyptian alphabet was 
taken from their hieroglyphic characters, this academician 
fell to work, to ANALYZE, as he terms it the Chinese 
characters; when to his great surprise, he found that 
their contents were only a certain number of LETTERS 
belonging to the oriental alphabets, packed up, as it 
were, for carriage: which. when taken out, developed, 
and put in order, formed an Egyptian or Phenician word, 
that expressed the idea for which the Chinese real 
character stood, as its representatives. How precarious, 
and of how little solidity this fanciful analysis is, may be 
understood by all who 
and oriental alphabets; 


des langages 
states 
Guignes’s 


announced the 


doubts 
common source for both in 
and fecund 
Guignes, and 
hieroglyphs is 
that Chinese 
hieroglyphics 


less sure 


believes 


own 


Chinese marks 
consist of the 


these 
which 


have seen 
hoth ot 
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and had limited his own 
about the culture and history of early Egypt to 
what he could find in authoritative sources, but 
his sane example did not impress this younger 


hieroglyphics * essays 


man who absorbed the criticisms of his early 
speculations without apparent chagrin and_ re- 
turned to his theories in.1766 with an “Essai sur 
le moyen de parvenir a la Lecture et a I'Intel- 
ligence de Hiéroglyphes Egyptiens.” *  In_ this 
treatise he points out that no one has yet even 
come reading the hieroglyphics with 
Coptic as his ancillary language, so he will see 


cle se to 


whether Chinese, which has eight’ visual similar- 
ities with the hieroglyphics, is not the efficient key. 
He points out that both languages are based on 
“key marks” that combine differently to express 
likes to demonstrate this 
that there is a similar 
Chinese 


ditferent ideas. He 


conjecture by showing 


linguistic process in and Hebrew— 
Hebrew is for de Guignes a kind of eroded Egyp- 
tian. The Chinese learned man, for 
example, by the character for “dew” and_ the 
word for “dew” 


The Arabs, a neighbor people of 


express a 
Hebrew also means “learning” 
or “doctrine.” 
the Egyptians, also have many words in common 
with the Chinese; to prove this point de Guignes 
concludes that all 
regarded as the 


otfers several parallels. He 
oriental should be 
children of a mysterious mother tongue best pre- 
served by the hieroglyphs of Egypt. To decipher 
this primitive tongue the Chinese characters, if 


languages 


combined; so 


same straight and curve lines variously 
that it cannot be otherwise but that in every Chinese 
mark should be tound, that is, easily imagined, a com- 


letters which the 
decipherer stands in need of. But the pleasantry of the 
conceit lies here, that though the Chinese have alpha- 
‘betic characters (which this ingenious author has, with 
astonishment, first discovered) yet they 
know nothing of the matter, as he at the 
. To conclude, the learned 
They have 


position of any alphabetic profound 


great now 
themselves 
same time has assured us. . 
world abounds with discoveries of this kind. 
all one common original; the old inveterate error, that 
a similitude of customs and amongst the 
various tribes of mankind most remote from one another, 
must needs arise from communication. Whereas 
human nature, without any other help, will, in the same 
circumstances, always exhibit the same appearance (2: 
203).” The de Guignes-Barthélemy theory (as it was 
described) is attacked by Frangois Quesnay in Le 
Despotisme de la Chine (Paris, 1767), tr. Maverick as 
China a model for Europe, 153-155, San Antonio, Texas, 
\nderson, 1946. 

's Pantheon Eyyptiorum 3: 183-186, Frankfurt am 
Oder, 1752; his Voces 4Egypticae, a lexicon of Egyptian 
words, was not printed until the Opuscula, ed. Te Water, 
Leyden, 1804. 

 fead. des Inscript. 60: 1-100. 


manners, 


some 
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enough could be gathered for comparison, are 
the proper instruments. 

In January of the next year de Guignes pre- 
sented another long paper on oriental languages 
betore the Academy and restated some of his 
earlier opinions.*” This ended his public ap- 
pearances and printed utterances until January, 
1775, when, once again, he returned to his old 
thesis with double essays: “Observations sur 
quelques points concernant la Religion et la Philo- 
sophie des Egyptiens et des Chinois” and “Re- 
cherches historiques sur la Religion Indienne et 
Livres Fondamentaux de 
qui ont été Traduits de L’Indien en Chinois.” 
Part of this obstinate pursuit of an impossible 


cette Religion, 
oO} 


sur les 


theory was de Guignes’s private madness; but 
we must remember that he was caught up in the 
general continental infatuation with things Chinese 
that began in the late seventeenth century and 
steadily increased during his lifetime.°? The in- 
terest of the English in the culture of China was 
not so fervent or so widespread as that of the 
continentals, but de Guignes’s theories that won 
the adherence of a French physicist found among 
English scientists a microbiologist, who came for- 
ward with a similar theory. 

The new argument for the old hypothesis. was 
advanced by J. Turberville Needham, F..A.S.. 
F.R.S. (1713-1781), in his De Inscriptione 
Quadam .Egyptica Taurini Inventa, Rome, 1761. 
The author had been associated in experiments 
with Buffon; °* he attended, 
London, the weekly scientific colloquia of Dr. 
and the Philosophical Trans 


when he was 1n 


James Parsons; ** 


” Thid. 65 

tThid. 77 

‘2 There is 
lations 
because 
London, 


208-441 
302-458. 
no truly authoritative 
between China and 
Adolf Reichwein’'s 
1925, is 


study of the re- 
Europe in these 
hook, China and 
suvgestive rater 


years, 
kurope. 
than thorough 
Merkel, F. R., 


Leipzig, 1920, 


Several shorter studies are worth notice: 
G. HW. Lethnits und die China-Mission, 
and the same author's Deutsche Chinaforscher, <{rchiz 
fiir Kulturgeschichte 34: 81-106, 1951: Pinot. V.. La 
Chine et la formation de esprit philosophique en France 
(1640-1740), 1932; Rowbotham, A., 
and mandarin, Berkeley, California, Univ. of California 
Press, 1942; Brou, A., Les Jésuites sinologues de Pékin 
et leurs éditeurs de Paris, Revue d'Histoire des 
11: 555-566, 1934: Lach, D., The Chinese studies of 
Andreas Muller, Jour. Amer. Orient. Studics 60: 564 
575, 1940, and The preface to Letbnis’ “Novissima Sin- 
ica,” Honolulu, 1957. 

53 The 


Paris, Visstonary 


Visstons 


their joint experiments fills the 
first volume of the Natural /listory. 

‘4 Nichols, J... Literary anecdotes of — the 
century 5: 479-480, London, 1814. 


account of 


clihteenth 
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actions of the Royal Society printed occasional 
announcements of his discoveries.*”. He was 
famous for his work with the microscope and 
his study of electricity won him attention even in 
Philadelphia, but now he moved into philology and 
put forth a theory that China had its language 
from Egypt. This was de Guignes’s doctrine, 
but, unlike de Guignes, Needham could find no 
colonization. The theory also 
supported by a document, a bust which Needham 
had seen in the ducal museum at Turin and which 
is reproduced on a folding plate in his book 
(fig. 6). The forehead, face, and breast of the 
bust are with curious characters which 
Needham decided were Egyptian. Somehow or 
other the inscription also reminded him of Chinese 


evidence of was 


covered 


characters. The obvious resemblance between the 
two forms of writing was enhanced for him by 
the similarities he had already noticed between the 
art and architecture of Herculaneum and that of 
Egypt and China. Then, it became suddenly 
clear to Needham: civilization began in Egypt 
and spread from that center to the remainder of 
the world. He made a copy of the bust of Turin 
and brought it to the attention of Joseph Lucius 
Wu, a native of Pekin and keeper of the Chinese 
books and manuscripts in the Vatican. Keeper 
Wu first that the inscription had no 
imilarity to either the old or new way of writing 
Chinese ; but a fortnight later, thanks to a twenty- 
six volume Chinese-Latin dictionary given” the 
Vatican by Cardinal De Vio, Wu able to 
make a translation (with the exception of the 


said at 


Was 


three last characters) of the whole inscription on 
the bust of Turin. 

The success of this oriental savant who trans- 
lated the inscription on the — bust 
Needham that the decipherment of 
hieroglyphics—he had now decided that the bust 
was the head of Isis—depended on a knowledge 
of Chinese. He points out almost correctly that 
the character on the nose of the bust is the sign 
for one in Chinese and that it is found on other 
Egyptian monuments at It clearly in- 
dicates that the bust occupied first place in the 
palace of a prince. The fact of its early Egyptian 

Op. cit. 44 (1): 247-263; 44 (2): 493-495; 55: 
857-858. Some of his books are ln account of some 
new mucroscopical discoveries, London, 1745; A letter 
from Paris concerning some new electrical experiments 
made there, London, 1746: upon the gen- 
eration, composition, and decomposition of animal and 
vegetable London, 1749; and Observations 
des hauteurs faites avee le barométre au mois d’Aoust 
1751, sur une partie des Alpes, Berne, 1760. 


convinced 
Kgvptian 


Rome. 


( Jbservations 


substances, 


DON CAMERON ALLEN 
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provenance 1s supported by the white flecked, 
black marble of which the bust was cut, for this 
marble is the substance of which all important 
Egyptian idols are made. Needham reports that 
he has made a survey of the public and private 
collections of Egyptian inscriptions in Rome and 
that he is convinced that the ancient Egyptian had 
as many written characters as the modern Chinese. 
He proposed that a start toward reading the 
hieroglyphs could be made by collecting those on 
inscriptions at Rome and comparing them with 
the handy Vatican Chinese lexicon. He had 
copied about a hundred of these strange letters 
and with the aid of some friends had found. six 
teen of them to be Chinese characters. 
to this comparison 


Thanks 
the hieroglyphic signs for 
mountain, ten, ancient, water, man, eye, mouth, 
key, queen and other words are known to him; it 
is simply a matter, he says, of transcribing all 
Egyptian monuments, searching through Chinese 
lexicons, and establishing a sound glossary of the 
hieroglyphs. 

Needham calls attention to the untranslatable 
“shi sou chi” with which the inscription on the 
its meaning disturbs him. Is this King 
Shishak to whom the Hebrew Bible refers? Is it 
King Sochis mentioned by Pliny, or are we to 
think of King Sasouchis or King Asouchis? Did 
a king order this bust, or could this group of char- 


bust ends; 


acters be the name of a divinity or, perhaps, the 
person to whom the bust is consecrated? He is 
impressed by the fact that when these signs are 
pronounced according to the 
phonology, one hears an Egyptian name. It 1s 
thus made clear that both languages come from a 


laws of Chinese 


common source, and this source is probably Egypt 
But one must not think, as de Guignes had done, 
of the Chinese as a colony of Egypt anymore than 
one should think of them as chronologically prior 
in civility. If the Chinese 
colony or if China had preceded Egypt in culture. 
pyramids, obelisks, and colossal statues would be 
found in China. Actually, the Chinese are best 
at miniatures. Their houses are modest. They 


were an Egyptian 


have no smack of Egyptian culture or learning. 
Their scholars have no knowledge of an Egyptian 
ancestry. The only thing that the two countries 


have in common besides their language is a 


ritualistic veneration of the dead. There is no 
point, then, in thinking of China as an Egyptian 
colony, but he who would translate the Egyptian 
hieroglyphics, Needham is convinced, can probably 
find his key in the language of the Chinese. 
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Needham's 


the learned 


book caused a great sensation in 
The international scientific 
reputation of the author, the current interest in 


China, the 


world. 


ethical and 
political theories of the Chinese, and the possibility 


controversies about the 
that the mystery of the hieroglyphics was on the 
edge of solution made the bust of Turin, for the 
moment, one of the most important objets d'art 
in the world. Optimism was short-lived. Giuseppe 
Bartoh, Protessor of Belles-Lettres at Turin and 
antiquary to the King of Sardinia, published an 
objection. 
Needham's 


scription accurately. 


The bust was not antique, he said, and 


Wustrator had not copied the in- 


* De Guignes, whose favorite 
involved 

1761 and 
extended appendix on the subject when his paper 
the Academy The 
chief attack on Needham's theory came unhappily 
from Edward Wortley Montagu (1713-1776), the 
mad son of odd parents, who was also a member 


colonization theories were 


the Journal des Savants tor 


replied in 
wrote an 


of 1766 was printed by 


of the Roval Society, and one of the most erudite 


rascals and roués ever to sit in the House of 
Commons, 

Montagu’s Observations upon a Supposed Bust 
at Turin, london, 1763, was sent as a letter to the 
Earl of Macclestield, president of the 
April, 1762. Montagu starts his 
attack on Needham by announcing that the bust 
and the reproduction of the bust in Needham’s 


book are completely different. 


Royal 
society, im 


We began by examining the Bust itself, and com 
paring it with Mr. Needham’s Plate, and no one of 
us could find the least Resemblance; nay, so little, 
that we all agreed that, if the Bust were placed 
amongst many others, it would be impossible to dis- 
cover which was designed by the Plate; and, indeed, 
I cast my Eyes about to see, if I could not discover 
some other Bust with an Inscription. There was not 
one: If there had, | should have examined it, to 
have assured myself which was the Bust the Plate 


“ Lettera prima dt G. B 
ed escritto ch'e 
eccasione ad sun 
1762; Lette? 


hblicano t veri 


sopra tl marmo effigiato 
Vuseo, c diede 
Veedham, Turin, 
seconda di G. B. nella quale si pub- 
carattert del noto buste e st spiega una 
antica pittura akrcolano, Turin, 1762 

5 De 
Chinese 


collocato nel Regio 


libretto del) Stgnor 


Gsuignes is very annoyed by the fact that the 
consulted by the Royal Society 
were not aware that Needham had stolen his theory, but 
he is. slightly that his notion that the 
inscription on the bust has no analogues among Chinese 
characters is sustained. 
enough in 


missionaries 
pleased to see 


He observes that 
oriental that 
reputation in natural history “il a voulu_ se 
jetter dans une carriére nouvelle, pour laquelle il faut un 


lead. des Inscript. 60 


Needham is 


not learned languages, 


having 
gained a 


autre genre de connoissances.” 
R992? 
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was taken from. In Short, the Plate is so different 
from this Bust, one cannot imagine the Plate was 
taken from it.** 

The inscription, Montagu continues to remark, 
is as different in the published drawing from its 
original on the bust as one can ask. He sends 
a drawing of both to make clear what he means. 
The stone of the bust is from a local quarry. It 
is not marble, and he sends two samples to prove 
it. There are other works by the same sculptor, 
who used the same sort of stone, in the museum. 
He also sends some samples of stone from genuine 
Egyptian statues for comparison. Needham, says 
Montagu, has argued that the inscription on the 
bust has been altered, but artists have examined 
it in the presence of witnesses and can find no 
indications of tampering. Then, says Montagu, 
with all the born rogue, Needham 
also “has thrown out”! that another bust has been 
substituted for the original. This is an allegation 
that Montagu will let Bartoli, the Keeper of the 
Museum, answer. 


horror of a 


Montagu, who had once been jailed for cheat- 
ing at cards, asks that this letter be laid before 
the Royal Society together with those of Bartoli; 
he appends to it several other letters to support 
his case. In one Alexander, Cardinal Albani, the 


eminent collector, states that the bust of Turin 


has nothing in common with authertic Egyptian 


statuary. In another, the great J. J. Wincklemann, 
after describing the kinds of Egyptian art, states 
that “The Bust of Turm cannot be placed in any 
one of these three Classes of Figures. For my 
Part, | esteem it a modern Imposture.” J. S. 
Assemani, the Vatican librarian and an eminent 
orientalist, writes in a third that the inscriptions 
on the bust have nothing in common with hiero- 
glyphiecs or Chinese characters ; they may resemble 
some in the Vatican lexicon, but, if so, it is an 
accidental resemblance. 

It remains, then, that the above-mentioned Char- 
acters of the Bust of 7 win are modern astronomical 
Signs, representing generally either the 
Planets, or the twelve Signs of the Zodiac: the 
which also the Astrological, Magical. 
Chemical, and Medical, are designed from various 
MSS. by Mons. Du Cange, in the end of his Gloss. 
Med, et Infim. Graecitatis and by Montfaucon, in his 
Palacographia Graeca, BP. 286-289. 376 where he 
treats of the Cryptographical Graeca, and of magical 
Signs, the which are equally found, but differently 
formed, by the Africans, Aigyptians, and modern 
Orientals, as well on Medals and 
Manuscripts.*" 


seven 


Signs, as 


Stones as in 


BOP. crt, 4. 
“! Tbid., 18. 
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With all of this evidence before it, the Royal 
Society had to act. 

After a certain amount of discussion, the Society 
decided to get an answer to the problem from “the 
only competent judges, the literati of China.” 
Arrangements were made through Alban Butler 
of Pall Mall, who had connections among the 
Peking Jesuits, and a letter of inquiry was dis- 
patched to China. The Peking Jesuits were 
whether the characters on the Turin bust 
and the other inscriptions copied by Needham 
from “undoubted Egypt” were 
Chinese, and if so what their dialect, age, and 
meanings were. 


asked 
monuments of 


In addition they were requested 
to state whether there was any evidence that the 
Chinese their another 
people and particularly from the Egyptians. An 
0*'? Cnow known to be Pere 
Cibot ) left Peking on October 20, 1764, and was 
extracted and read to the Society by its secretary, 
Dr. Charles Morton in | The same 
letter, accompanied by the Royal Society's illustra- 


borrowed writing from 


answer signed 


60 


June, 1768. 


tive plates and probably printed with its official 
with an 
Needham, at Brussels in 1773. 


permission, appeared, introduction by 


69 Philosophical Transactions 59: 489-504, 
1770; the emphasis of the résumé is on the impossibility 
Turin with a 


London, 


of reading the bust modern Chinese 
dictionary. 

6t Lettre de Pekin, sur le génie de la langue Chinoise, 
et la nature de leur écriture symbolique, comparée avec 
celle des anciens Egyptiens; en réponse a celle de la 
Société Royale des Sciences de Londres, sur le 
sujet. The last section commending Needham’s theory, 
which is slighted in the Royal Society extract—Morton 
refers to the letter as “this curious paper”—is here given 
full emphasis. The reprint of the letter, which is suc- 
the plates of various 
ages and the comparative plates of Chinese and Egyptian 
hieroglyphs, 1s affidavit stating 
that the men of letters” 
believe in Needham’s honesty and have seen the various 
hieroglyphs and their equivalents in the “Tching-tsee- 
tong” Dictionary. Those signing are “lord Lyttellon,” 
the Bailli de Breteuil, the Duke of Grafton, the Duke of 
Roxburgh, Lord Tavistock, H. James, R. Smith, Thomas 
le Seur, Jacquier, and Ridolfino Venuti. On 
p. ix Needham takes up Bartoli’s charge that he had 
falsified the inscription and that he is printing 
herewith two plates: one of the bust and one containing 
those characters copied by Bartoli compared with those 
originally printed by Needham. “C’est une justice que 
je me devois & moi-méme, parce que ce meme Antiquaire 
prétendoit javais falsifié ou 
caracters. On verra, en les comparant 
fautes de mon étoient d'une 
conséquence a m/’attirer un pareil reproche.” I have seen 
only the British Museum and Library of Congress copies 
of this book, but the “two new plates” appear in neither. 


meme 


ceeded by Chinese characters of 


preceded by a curious 


“following aristocrates and 


Francois 


says 


alors que défiguré les 


ensemble, si 
ce ypiste 


quelques légeres 
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Father Cibot (1727-1780) began his reply by 
praising Needham for attempting to guess the 
riddle of the hieroglyphs. Kircher had the same 
hope and gave it up. Mairan followed him and 
saw his prospects ruined by Father Parennin. 
Then he plunges into Jesuit orthodoxy. The 
Chinese are a very old people and left the Plains 
of Senaar at the same time the Egyptians did. If 
the origin of writing were known, it 
easy to sound conclusion, — It 
wrote before the Dispersion at 


would be 
come to a men 
then the 
two languages would have much in common, be- 
cause both early peoples would have taken their 
alphabets with them. If writing 
after the then Needham’s theory is 
worthless. Father Cibot is himself inclined to 
think that writing was invented before the Flood. 
Consequently, though men = may lost. the 
common idea of vocal sounds at Babel, they did 
not lose the letters and characters that expressed 
these sounds. 


Zabel, 


Was invented 


Contusion, 


have 


He writes, for a scholar of his gen- 
eration, a rather extended history of the Chinese 
language; then he looks at the characters on the 
bust of There is, he 


[sis. 


admits, 
resemblance between hieroglyphics nos, 


ag 
£, 9; 8, 
9, 31 and some Chinese characters, but one need 
only glance at them to know that they are not 
Chinese. When he compares the inscription on 
the bust with Chinese inscriptions of 1500. B.c., 
there is no similarity. He has also shown this 
inscription to Chinese literati and they have said 
that in no The 


Turin he concludes is actually covered with un- 


respect is it Chinese. bust of 


known characters; it certainly cannot be read with 
the aid of a modern Chinese lexicon. He, con 
sequently, proposes revisions to Needham’s meth- 
ods and theory. 

If Chinese is the key to the decipherment of 
the Egyptian hieroglyphics, Father Cibot writes, 
one must first sort out the earliest hieroglyphs and 
fix their date so that they can be compared with 
Chinese characters of the same date 
Next, one must use as the basis of study not all 
hieroglyphs, but only those that are repeated, well 
preserved, and historically annotated. 
idolatry is old in Egypt and new in China, inserip- 
tions of an idolatrous nature will be so chronolog- 
ically disparate that they should not be used. One 


(he: 7). 


Since 


should, on the other hand, make comparisons 
when one can find inscriptions that are based on 
Noah. 


should not expect a knowledge of the Chinese 


the common teachings of Finally, one 


character to aid one in understanding the meaning 
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ft 


6 heres re 


\aypuan Sar reghy phew 


Royal Society’s Chinese-Egyptian analogues 


can get the 
can perhaps 
The Chinese 
a character like the Greek 3A 
“a union of three” and is probably 
a symbol for the doctrine of the Trinity as taught 
by Noah. If one could find a similar hieroglyph 
in Egyptian, it would be clear‘that the people of 
both Egypt and China held to this doctrine. He 
also thinks that the Egyptians used “great hiero- 
glyphs” for monuments and obelisks and “abridged 
hieroglyphs” on mummies and smaller things; so 


of all Egyptian hieroglyphs. Ii 

meanings of a tew hieroglyphs, we 
move from this to other meanings. 
have, for instance, 
which means 


he argues that one should seek out the greater 
hieroglyphs first. There can be small wonder that 
Morton called this letter the theories 
of Father Cibot are actually no sounder than those 
of Kircher. His comments on the bust of Turin 
and the hieroglyphics collected by Needham from 
Egyptian monuments at Rome made it plain that 
all of the Englishman's philological studies were 
unsound even though his theory might be ulti- 
mately correct. The full publicity that Needham 
gave to this letter suggests that he was convinced 
by Cibot’s opinion, 


“curious”: 
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Kive years before the publication of Cibot’s 
letter by Needham, the Abbé Guasco had sup- 
ported Bartoli’s doubts about the genuineness of 
the bust."* In the vear of the letter’s publication, 
the eminent Cornelius de Pauw 
(1739-1799) questioned the whole theory of 
egyptian colonization of China and of Chinese- 
I<gyptian linguistic relations. In his Recherches 
Philosophiques sur les Egyptiens et les Chinois, 
Berlin, 1773, he 


ethnologist 


states his objections in the 


preface, 


Quant a la communication, qu’on suppose avoir 
existé entre la Chine & Egypte, on se convainera par 
la lecture de cet ouvrage que jamais supposition ne 
fut moins fondée. Il est étonnant d'ailleurs qu’on ne 


se soit point appercu, qu’en lan 1122 avant notre Ere 


les Egyptiens se servoient déja d'un caractere alpha- 
hetique, composé de vingt-cing lettres suivant Plu- 
tarque, & seulement de = vingt-deux suivant les 
découvertes modernes. Or c'est une absurdité bien 
grande de vouloir que les Egyptiens n’ayent point 
porté a la Chine leur Alphabet qui étoit fort simple, 
& de soutenir quils y ont porté leurs Hiéroglyphes 
employés uniquement par les Pretres, & qui ne res- 
semblent point aux charactéres de la Chine, comme 
ont soutenu des Ecrivains, dont lesprit étoit fécond 
en reveries. On ne découvre (ailleurs aucun rapport 
mi entre la religion de ces deux pays, ni entre les 
langues.' 


Men had just about recovered from the visions 
of Kircher Huet, Pauw in the 
Recherches Philosophiques, when Needham, mis- 
led by a Roman Professor of Chinese, announced 
that the twenty-nine marks on the face of a two- 


and says de 


foot high bust at Turin were hieroglyphics and 
could be read by someone with a knowledge of 
Chinese. Actually, de Pauw proceeds, the bust 
was of recent manufacture and is made of 


quarried in the Piedmont. 


stone 
The inscription is 
nothing. “Je 
n'approuve pas ces fraudes, trop communes parmi 
les Artistes d'Italie, & qui rendront un jour 
suspects les monuments les plus authentiques.” 
The commonest of hieroglyphics, the 
circle and the ansate cross, 


capricious and means absolutely 


winged 


times in ancient Egyptian inscriptions, he ob- 


serves, are unknown to the Chinese.*! 


The arguments of de Pauw were attacked by 


|Louis Poinsinet de 


Sivry,”” but Voltaire probably 

“2 De Guasco, Octavien, De Il'U sage des statues chez les 
anciens, 296, Brussel, 1768 

83 Op. cit. 1: xvii-xviil. 

64 [bid. 1: 23-27 

Nouvelles recherches sur la 
mscriptions, et hiéroglyphes 


SCLCHCEE des 


Mae- 


In his 


medailles, antiques, 


CAMERON : ALLEN 


found thousands of 


PROC. AMER. PHIL SOC. 


expressed the opinion of most men of. common 
sense when he wrote to de Pauw in 1776, con- 
gratulating him on demolishing the theory of an 
ancient Egyptian-Chinese cultural and linguistic 
relationship. “Quelle étrange idée dans deux ou 
trois tetes de Francais qui n’étaient jamais sortis 
de leur pays, de prétendre que l'Egypte s‘était 
transportee a la Chine, quand aucun Chinois, 
aucun Egyptien n'a jamais telle 
fable!" 


There is no 


avancée une 


serious attempt to revive de 


Guignes’s method for reading the hieroglyphs by 


comparing them with Chinese characters after 
1776. In fact, there was a decline in learned 


interest in the whole matter for the next quarter 
of a century. In 1789 the orientalist T. C. 
Tychsen wrote a sixty-page criticizing 
Warburton’s hypotheses. and arguing that the 


Cssayv 


gyptians, whose language was not so old as that 
of the Pheenicians, had always had an alphabet."? 
Tychsen advanced no translation theories of his 
own, and his paper, published in a Gottingen 
journal, seems not to have been widely read. The 
discovery of the bilingual document at Rosetta 
was only ten years away, and it seems almost 
ironie that two years before its discovery the 
greatest of the Scandinavian antiquaries, George 
Zoega (1755-1809), should publish his brilliant 
and handsomely turned out life’s work, the De 
Origine et Usu Obeliscorum. 

Zoega’s great volume is a scholarly summary 
of all that had been wisely said about the Egyptian 
monuments in previous ages; these older observa- 
tions were criticized or fortified by the author's 
learned judgments. Zoega’s folio begins with an 
account of all the ancient testimony about obelisks 
and hieroglyphics carefully annotated and trans- 
lated, when necessary, into Latin. This section 


stricht, 1778, this talented but unfortunate hack argues 
that an intelligent would not produce such an 
obvious forgery as the bust; hence, it must be genuine 
He then reads the inscription as a series of maxims of 
a moral nature by seeing in the characters 
triangular mirrors, Hercules’ knots, siege ma- 
chinery, torches, and other objects. He finds the state- 
ment “Sapientia lampas transeuntium” or “mortalium” 
on the brow of the bust, and the maxims “Virtus sola 
stabilis” and ruit” on the face. His 
tributions to the study of hieroglyphics are obviously 
less than nothing 


forger 


various 


doors, 


*Potestas con- 


“6 Lettres Chinoises, Indiennes, et Tartares. A Mon- 
sieur Paw par un Beénédictin, in Giuvres complétes 25: 
163-164, Paris, 1819. 

6? Cher die Buchstabenschrift der 
Bibliothek de alten 


alten 
Litteratur und Kunst 6 


Egyptier, 
1-61, 1789. 
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is succeeded by a description of all) known 
obelisks, an account of the use of obelisks in 
Egypt. and long treatises on their origin and 
history. Zoega has no unusual theories of his 
own, but it is not impossible that the hundred 
sheets he devotes to stating and criticizing the 
previous theories about the nature of the hiero- 
glyphs made the task of Champollion much 
easier. 

The second chapter of the fourth section of 
this account of the contro 
versies about the nature of the Egyptian language, 


book is an various 
and brings together the testimonies of Clement 
of Alexandria, 
Diodorus, ‘Tacitus, 
Plato, Plutarch, and Demetrius 
an hieroglyphic character as 


Herodotus, 
Manethon, 
Zoega detines 


\ntonius Diogenes, 


Pliny, Lucan, 
“a sign or collection 
These 
signs are presented in a series like letters or like 


of signs that seems to imitate the idea.” 


a sequence of ideas, and in this respect they are 
different from Chinese characters each of 
represents an idea. He points out that in the 
past Egyptologists were unable to separate alle- 


which 


reliefs 
that 
careful collections be made of single hieroglyphic 
He states that he 
Inscriptions and 
divided into curves, 
spheres), man-made implements, plants, parts of 


gorical pictures in paintings or in’ bas 


trom the true hieroglyphs He suggests 
forms. has studied all available 
O58 that 


(lines, 


found can be 


signs 
simple — figures 
the human body, animals, insects, 
human 
monsters. 


reptile s, birds, 
and = human-brute 


He has also found 6&8 in cartouches 


hgures Be action, 


He beheves that the I:gyptians invented the 
alphabet and used it from the earliest times. The 


hieroglyphs, he thinks. were employed by the 


The cursive is for 
The 
alphabet of twenty-five elements developed from 
the hieroglyph by a phonetic process. In 


literate class for inscriptions 
him a cruder form of the hieroglyphs. 


this 
process, sentences were bre ken into words, words 
into and into letters He 
refuses to attempt any solution of the problem of 


syllables. syllables 
decipherment, but he hopes that he is writing a 
helpful book that will enable posterity to make the 
correct discovery. 


“Itaque dum interpretationem hieroglyphicorum re 
linquam: posteris, hoe loco historica ratione enarrare 
aggredior numerum et conditionem notarum = quas 
hactenus observavi in monumentis Aegyptiis, ut quan- 
tum mea est juvem futuros interpres.” °° 


Oo Ce Cie, 
covers 423-550 


463, Rome, 1797; the inclusive account 


PREDECESSORS OF 


CHAMPOLLION 


With the discovery of the Rosetta Stone and 
its publication, the requirement of a Greek 
parallel text postulated by the Abbe Montfaugon 
achieved 


at the beginning of the century 


\Imost at once, thanks to a company of competent 


Was 


orientalists, the veil that had covered the under 
standing of the hieroglyphics began to be lifted. 
There were significant discoveries made by A. | 
Silvestre de Sacy and J. D. Akerblad in 1802. 
The text of the with French 
renderings of the Greek and a commentary was 
brought out by H. P. Ameilhon in 1803, and in 
1816 James Bailey brought out his //reroglyphi 
1814 a 


famous English physicist. Thomas Young, turned 


stone and latin 


corum origo et natura at Cambridge. In 


his attention towards the hieroglyphs, and made 
a series of important discoveries which he pre- 
sented to the Society of Antiquaries and printed 
in 1816 in the Museum Critrcum at Cambridge ; 
it is quite possible that had Champollion been 
delayed, Young might have found the solution, 
But the work of these 
has long been 


more successful scholars 


avo 


g recorded in accounts of the 


progress of Egyptology. Yet even when the re- 
quired bilingual inscription had been found and 
orientalists like De and Akerblad had 
pointed out equivalents in the demotic text, there 
were still a few 
the older 


Sacy 
who could not dismiss 
their 
proposed that Egyptian colonies had been sent 
to China and that a knowledge of Chinese would 
help in the reading of the Rosetta Stone, but two 
Nils Gustaf, Count Alex- 
Lenoir *’ wrote books in which they ap 
phed the methods of 


scholars 


methods from minds. No-one 


scholars, Pala © .and 


ander 
Kircher to the Rosetta 
Stone and to other Egyptian monuments brought 
to European attention by the Victory of the Nile. 
The publication of Champollion’s De UEcriture 
Hiératique des Anciens Fyyptiens in 1821 put an 
end to all this vain speculation. 


* Analyse de Iyphes duo monu- 


Vinseription en hierog 
ment trouve a Rosette, Dresden, 1804 
} 


be described by a summary 


His method may 
first 

First appears a serpent (divinity, 
then a Greek (divinity and 
the regenerate dead), these two signs with the arm above 


of his comment on the 
line of the inscription 
stars, the elements), cross 
them probably equals the Greek: “ta mpos rovs Peov:.”” The 
same method is employed in Essai sur les hiéroglyphes 
Weimar, 1804, and his five volume, De U'Etude des 
hieroglyphes, Paris, 1812. 
Nouvelle explication des 
anciennes allégortes 


hiéroglyphes ou des 
Egyptiens, Paris, 1809 
This work in three volumes consists of fine illustrations 
of Egyptian monuments with explanations based on the 
methods of Pignoria and Kircher 


sacréees des 
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